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ABSTRACT 

This guide designed to assist teachers in icprcving 
instruction in the area of automotive emission control curriculum 
includes four areas. Each area consists of one or more units of 
instruction, with each instructional unit including some or all of 
the following basic components: Performance objectives, suggested 
activities for teacher and students, information sheets, assignment 
sheet, job sheets, visual aids, tests and test answers. (Units are 
planned for more than one lesson or class period of instruction.) The 
four fflajor areas (and their respective units) are (1) la^ine 
Pollutants (Introduction to Automotive Emission Control, Internal 
Combustion Engine Pollutants, Origin of Internal Coatus .^-ji Engine 
Pollutants) ; Pre-Combusticn Controls (Heated Air Induction Systems, 
Evaporative Emission System); Combustion Controls (Engine 
Modifications, Carburetor Modifications, Ignition Timing Systems, 
Transmission Controlled Spark System, Electronic Spark Control 
System, Exhaust Gas Recirculation System) ; and Post-Combustion 
Controls (Positive Crankcase Ventilation Systems, Air Injection 
System, Catalytic Converter Systems). (WL) 
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INTRODUCTION TO AUTOMOTIVE 
EMISSION CONTROL 
UNIT 1 
TERMINAL OBJECTIVE 
After completion of this unit the student will be able to discuss 
the difference between smog, photocheriiical smog, sources of air pollu- 
tion related to motor vehicles and the agency involved in the regula- 
tion of motor vehicle emissions. 

This will be evidenced by scoring 6b% minimum on the unit test. 

SPECIFIC OBJECTIVES 
After completion of this unit the student viV-^. be able to: 
1. Explain in writing the difference between smog ^nd photo- 
chemical smog. 

?.. Explain in writing the sources of air pollution related to motor 
vehicles. 

3. Briefly describe in writing the federal agency involvpd in the 
regulation of motor vehicle emissions. 

4. Write the definition of automotive emission control and list 
the three areas of automotive emission control. 



3 

INTRODUCTION TO AUTOMOTIVE 
EMISSION CONTROL 
UNIT 1 
SUGGESTED ACTIVITIES 

I. Instructor 

A. Provide students with objective sheet 

B. Provide students with i nfo*^mation sheets 

C. Discuss terminal ana specific objectives 

D. Discuss information sheet 

E. Give test 
II. Student 

A. Read objective sheet 

B. Study information sheet 

C. Take test 

INSTRUCTIONAL MATERIALS 
I. Included in this unit: 

A. Objective sheet 

B. Information sheets 

C. Transparency masters 

1-TM-l Photochemical Smog Over City 

D. Test 

E. Answers to test 
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INTRODUr. ION . 'DMOTIVE 

UN. I ^ 
INFORMATION SHEET 

I. DISCUSSION 

A. Smog was described as a condition resulting from the mixing of 
smoke and fog. This condition has existed for some time in 
different parts of the world. It is attributed to the death of 
several hundred people. 

B. Photochemical smog is a condition that results from hydrocarbons 
and oxides of nitrogen chemically changing in the presence of 
sunlight. This condition can cause burning of the eyes, lung 
irritation, plant damage, the cracking of rubber and possibly 
death. TM-1 

II. SOURCES OF AIR POLLUTION RELATED TO MOTOR VEHICLES 

A. Combustion is the oxidation or burning of any substance that can • 
be used as a fuel. The results of this combustion give off 
hydrocarbons, carbon monoxide and oxides of nitrogen, ull of 
which are considered air pollutants. 

B. Other pollutants contributed by motor vehicles are the evaooration 
of liquid fuel to the atmosphere, parts of the fuel itself; i.e., 
lead and sulfur, as well as asbestos from brake lininos and rubber 

from the tires. 

III. FEDERAL AGENCY INVOLVED IN THE REGULATION OF MOTOR VEHICLE E-'-USSIONS 
In 1970 the Clean Air Act was enacted into Iriw. To aid in carrying 
out the Clean Air Act, the Environmental Protec^iion Agency (EPA) 

o 12 
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HYDROCARBONS + OXIDES OF NITROGEN + 
. SUNLIGHT = SMOG 
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INTRODUCTION TO AUTOMOTIVE 
EMISSION CONTROL 
UNIT 1 
TEST 

1. Explain in writing the difference between smog and photochemical smog. 



2. Explain in writing the sources of air pollution reiated to motor 
vehicles. 



3. Briefly describe in writing the federal egency involved in the regulation 
of motor vehicir e.nissions. 



4. Write the definition of automotive emission control and list the three 
areas of automotive emission control. 
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INTRODUCTION TO AUTOMOTIVE 
EMISSION CONTROL 

UNIT 1 
ANSWERS TO TEST 

Explain in writing the difference between smog and photochemical smog. 
Smog results from the mixing of smoke and fog. Photochemical smog re- 
sults from hydrocarbons and oxides of nitrogen chemically changing in 
the presence o.'' sunlight. 

Explain ^ . writing the sources of air pollution related to motor vehicles 
Unburned hy j^^ocarh^) ^s , oxides of nitrogen and carbon monoxide re- 
sulting fro" the combustion process. Also hydrocarbons from the 
evaporation of liquid fuel. Parts of the fuel such as lead and sulfur 
as well as asbestos from brake linings and rubber from the tires. 
Briefly describe j' writing the federal agency involved in the regula- 
tion of motor vehf .le emissions. 

The Environmental Protection Agency (EPA) which was established in 19"^0, 
One of the EPA's primary responsibilities is to aid the states in 
attaining a desirable air quality standard. The EPA sets the limits 
for hydrocarbons, carbon monoxide and oxides of nitrogen and particulates 
Write the definition of automotive emission control and list the three 
areas of automotive emission control. 

Definition - Any control that reduces pollutant emissions from the 
automobi 1 e. 

Three areas of control - 

(1) Pre-combustion controls - devices or systems that reduce emissions 
before combustion takes place. 

(2) Combustion controls - devices or systems that actually effect and 
control combustion to reduce emissions. 

17 



(3) Post-ccmbu3tion controls - devices or systems that reduce emissions 
after combustion has occurred. 



18 



INTERNAL COMBUSTION ENGINE POLLUTANTS 
UNIT 2 
TERMINAL OBJECTIVE 

After completion of this unit the student will ue able to d(?fine 
the major pollutants emitted from the internal combustion engine and 
give further explanation of the part each plays in air pollution and/or 
health problems. 

This will be evidenced by scoring 857 minimum on the unit test. 

SPECIFIC OBJECTIVES 
After completion of this unit the student will be able to: 

1. Write the definition of hydrocarbons (HC), 

2. Explain in writing thfe part hydrocarbons (HC) play in the for- 
mation of smog. 

3. Write the definition of oxides of nitrogen (NO ). 

4. Explain in writing the part oxides of nitrogen (NO^) play in 
the formation of smog. 

5. Write the definition oi .on monoxide (CO). 

6. Explain in writinc dalth hazards of carbon monoxide (CO). 

7. Write the definition of particulates. 

8. Explain in writing the health hazards of particulates. 
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INTERNAL COMBUSTION ENGINE POLLUTANTS 
UNIT 2 
SUGGESTED ACTIVITIES 



Instructor 

A. Provide students with objective sheet 

B. Provide students with information sheets 

C. Discuss terminal and specific objectives 

D. Discuss information sheets 

E. Give test 
Student 

A. Read objective sheet 

B. Study information sheet 

C. Take test 

INSTRUCTIONAL MATERIALS 

Included in this unit: 

A. Objective sheet 

B. Information sheets 

C. Transparency masters 
2-TM-l - HydrocarbonL- 
2-TM-2 - NO Formation 

X 

2-TM-3 - Carbon Monoxide Formation 
2-TM-4 - Particulates 

D. Test 

E. Answers 'to -test 
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INTERNAL COMBUSTION ENGINE POLlUTANTS 
UNIT 2 
INFORMATION SHLfJ 

K DEFINITION OF HYDROCARBONS (HC) - Hydrocarbons are compounds made up 

of hydrogen (H) atoms and carjon (C) atoms. TM-- 1 
II. DISCUSSION 

A. Petroleum products such as gasoline and fuel oil consist of hundreds 
of different hydrocarbon compounds. One hundred percent (100/) com- 
plete combustion of all the fuel does not occur in the internal 
combustion engine ^nd consequently some of the hydrocarbon compounds 
that do not burn escape to the atmosphere and are called unburned 
hydrocarbons . 

B. Some of these unburned hydrocarbon compounds are chemically activo, 
that is, they combine with other compounds. Some unburned liydro- 
carbons tend to combine with nitrogen dioxide (NO2). This combina- 
tion in the presence of sunlighr, cdn'i^y. the formation of smog and 
the resultant eye and lung irrilMi iorr-;. 

III. DEFINITION OF OXIDES OF NITROGEN (NO^) - The chemical combination of 
nitrogen (N) and oxvgfjn (0) during the combustion process. TM-? 
IV. DISCUSSION ' 

A. During the combust . 'ocess in the internal combustion engine 
high tenipera turos are r eached that causL^ the fon;iation of oxide, of 
nitrogen (NO^). NO^ is made up of 97-98;: nitric oxide (NO) and 

Z-'J, nitrogen dioxide (^NO^). Nitric oxide is a colorless g^s {ml 
when it is exhausted to the atmos()here it cofiibines with uxygen (0^) 
to forfii nitrogen dioxide (fJU^) wliich lias a brownii.h color. 

B. iNitrogen dioxide (NO^) in the atffiosphen? comljines witli certain 
cfieiiii cal 1 y active hydrocarlions and in the [jresence of sunliglit 
causes tl]e for'ination of Sfiiog. 
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V. DEFINITION OF CARBON MONOXIDE (CO) - An odorless, colorless, toxic c,ds 
that, results from incomplete co:ibustion, TM-3 
VI, DISCUSSION 

A. If combustion was 100., complete in the internal combustion engine, 
the only end products would be carbon dioxide (CO2) and water (il^O), 
Combustion is not lOO;,. complete and the result is the exhaustinq 

of carbon monoxide to the atmosphere. 

B. Carbon monoxide (CO) is a toxic gas. When It is inhaled into 
tne lung and transferred to the blood stream it takes the place 

of oxygen in the red blood cells. As more carbon mcnoxide is t.iken 
up in the red blood cells, the amount of oxygen being sup()lied to 
the body is reduced. This lack of oxygen to the body can cause 
neadaches, reduced mental alertness and even death if carbon 
monoxide concentrations are high enough. 
VII. DEFINITION OF PARTICULATES - Solid particles, primarily of lead and 
carbon that are exhausted to the atmosphere. TM-4 
VIII. DISCUSSION 

The carbon emitted to the atmosphere comes prii-hirily from hydro- 
carbon fuels and oils. The lead emitted comes from tlie tetra- 
ethyl lead added to fuels to increase tlieir octane rating. The 
lead emitted to the atmosphere poses a health threat in two ways: 

1. Respiratory intake of airborfie lead during hreatliin'i. 

2. Contamination of food by lead tliat lias settled in tlie soil, lead 
is a toxic substance and [ii(jh concentration', of lead ifi tlic l)0(,)y 
can cause damage to tlie, brain, nervous system and kidney, -vid 

can cause death. 
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CARBON MONOXIDE FORMATION 
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INTERNAL COMBUSTION ENGINE POLl UTANTS 
UNIT 2 

" . . . • TEST 
1 . What is HC? 



2. What part does HC play in the formation of smog? 



3. What is the definition of NO^^? 



4. What part does NO^. play in the formation of smog? 



5. Whai is CO? 



6. Why is CO a health haz:.rd? 



7. What is the. definition of particulates? 

8. Explain the health hazards of particulates. 
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INTERNAL COMBUSTION ENGINE POLLUTANTS 
UNIT 2 
ANSWERS TO TEST 

1. What are hydrocarbons? 

i 

Compounds made up of hydrogen atoms and carbon atoms. 

2. What part do hydrocarbons have in the formation of smog? 

Chemically active hydrocarbons combine with nitrogen dioxide and in the 
presence of sunlight form smog. 

3. What is the definition of oxides of nitrogen? 

The chemical combination of nitrogen and oxygen during the combustion 
process. 

4. What part does NO^ take in the formation of smog? 

Nitric oxide combines with oxygen in the atmosphere to produce 
nitrogen dioxide. Nitrogen dioxide combines with chemically active 
hydrocarbons and in the presence of sunlight forms smog. 

5. What is carbon monoxide? 

An odorless, colorless, toxic gas that results from incomplete combustion. 

6. Why is carbon monoxide a health hazard? 

Because it takes the place of oxygen in the red blood cells and reduces 
the amount of oxygen the body can receive. It can cause headaches 
and in large concentrations it can cause death. 

7. What is the definition of particulates? 

Solid particles primarily of lead and carbon that are exhausted to the 
atmosphere. 

8. Explain the health hazards of particulates. 
Carbon - none. 

Lead - Toxic substance that can cause brain damage or death in high 
enough concentrations. 



ORIGIN OF INTERNAL 
COMBUSTION ENGINE POLLUTANTS 
UNIT 3 
TERMINAL OBJECTIVE 
After completion of this unit the student will* be able to explain 
the origin of each pollutant emitted from the internal combustion engine. 
This will be evidenced ^by scoring 85% minimum on the unit test. 

SPECIFIC OBJECTIVES 
After completion of this unit the student will be able to: 

1. List and explain the origins of unburned hydrocarbon (riC) 
emissions during normal combustion. 

2. List and explain the causes of incomplete combustion that result 
in the emission of unburned HC. 

3. Explain in writing the origin of carbon monoxide (CO) emissions. 

4. Explain in writing the origin of nitric oxide (NO) emissions. 

5. List and explain the engine variables affecting NO emissions. 
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ORIGIN OF INTERNAL 
COMBUSTION ENGINE POLLUTANTS 
UNIT 3* 
SUGGESTED ACTIVITIES 

Instructor 

A. Provide students with objective sheet 

B. Provide students with information sheets 

C. Make transparencies 

D. Discuss information sheets 

E. Give test 
Student 

A. Read objective sheet 

B. Study information sheet 

C. Take test 

INSTRUCTIONAL MATERIALS 

Included in this unit: 

A. Objective sheet 

B. Information sheets 

C. Transparency masters 

3-TM-l - Combustion Chamber Quench Areas 
3-TM-2 - Incomplete Combustion - Ignition System 
3-TM-3 - Incomplete Combustion - Fuel System 
3-TM-4 - HC-CO«NO Emission vs, A/F Mixture 

D. Test 

E. Answers to test 
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ORIGIN OF INTERNAL 
COMBUSTION ENGINE POLLUTANTS 
UNIT 3 
INFORMATION SHEET 

I. ORIGINS OF UNBURNED HYDROCARBON EMISSIONS DURING NORMAL COMBUSTION - TM-1 

A. Wall Quenching - The failure of a layer of the air-fuel mixture next 
to the relatively cool combustion chamber walls to ignite. This is 
caused by the transfer of a large amount of heat from the fuel 
mixture to the combustion chamber walls and results in a fuel 
mixture that is too cool to ignite and which will remain unburned 
throughout the combustion process. 

B. Quench Areas - Small areas and cavities in the combustion chamber 
where the flame is quenched allowing a small amount of unburned 
fuel to remain. These areas are formed by: (1) improperly fitted 
head gaskets that leave a small cavity in the combustion chamber, 
(2) the area between the top compression ring and the top of the 
piston, (3) the actual "squish" area of the combustion chamber 
and (4) the area around the porcelain of the center electrode of 
the spark plug. 

C. Combustion Chamber Deposits - Combustion chamber deposits are 
fairly porous and act as sponges to absorb a small amount of the 
fuel. This small amount of fuel is released late in the power 
stroke or exhaust stroke as a vapor and is exhausted to the 
atmosphere. 
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^ CAUSES OF INCOMPLETE COMBUSTION THAT RESULT IN UNBURNED HYDROCARBON 
EMISSIONS. * 

A. Ignition System - TM-2 - Any component of the ignition system that 
'is worn or out of adjustment may cause a weak spark or a misfire 

to occur. Either of these conditions will cause incomplete combus- 
tion and result in the emission of a large amount of unburned hydro 
carbons. 

B. Low Air-Fuel Mixture Temperature - TM-3 - Low air-fuel mixture 
temperatures result in the poor atomization of fuel. This reduces 
the mixing of air and fuel and results in an unevenly mixed air- 
fuel mixture. This type of mixture has high local concentrations 
of excessively rich mixtures and lean mixtures and when ignited 
will not burn evenly. This results in the emission of a large 
amount of unburned hydrocarbons. 

C. Too Rich or Too Lean Air-Fuel Mixtures - A mixture that is too rich 
does not have enough oxygen to completely burn the amount of fuel 
present. This results in the' emission of a large amount of 
unburned hydrocarbons and carbon monoxide. Mixtures that are too 
lean can result in a misfire because the fuel is so diluted by 

air that it will not ignite. 

Exces sive Exhaust Gas Dilution - Excessive exhaust gas dilution 
occurs primarily during high manifold vacuum conditions such as 
engine idle or deceleration. This dilution of the air-fuel mixture 
results in a mixture that will not burn completely or a complete 
misfire. Either condition will result in high hydrocd-bon emissions 
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III. ORIGIN OF CARBON MONOXIDE EMISSIONS - TM-4 

Carbon monoxide (CO) is formed during the combustion process when 
there is not enough oxygen available to convert (CO) to carbon 
dioxide (CO2). As the air-fuel mixture beconies richer than the 
ideal ratio of 15:1 there is an insufficient amount of oxygen 
present to complete the combustion process. This shortage of 
oxygen results in the incomplete conversion of (CO) to (CO^). An 
increase in the (CO) emissions is normally accompanied by an 
increase in (HC) emissions because of the lack of oxygen to 
completely burn all the fuel mixture, 
IV. ORIGIN OF OXIDES OF NITROGEN (NO^) EMISSIONS - TM-4 

The formation of nitric oxides (NO) takes place during the highest 
temper'atures of the combustion process. Air is made up of approxi- 
mately 78% nitrogen and 21% oxygen. This air is drawn into the 
engine and mixed with fuel. The mixture of air and fuel is then 
ignited and temperatures in excess of 270O''C(45OO''F ) may be reached. 
At temperatures above approximately 1357°C (2500''F) (NO) is formed 
very quickly from the large amount of nitrogen and oxygen in the air. 
The formation of nitric oxide is dependent on temperature and any 
engine variable that causes an increase in temperature above approxi- 
mately 1082"C(2000T)-1357"C(2500^F) will cause an increase in NO 
emissions. 

V. ENGINE VARIABLES AFFECTING NO^ EMISSIONS 

A. Ignition Timing - As ignition timing is advanced more of the mixture 
is burned before the piston reaches top dead center (TDC). This 
causes increased pri-ssures and temperatures in the combustion chamber 
which result in increased NO^ emissions. As timing is retarded more 
of the mixture is burned on the power stroke and lower temperatures 
and pressures result in a decrease in NO^ emissions. 

er|c 



Ajx^-Fu^el_Mixlu_re - For fuel mixtures richer than 15:1 there is not 
enough oxygen to completely burn the mixture. This lowers 
combustion temperatures and lowers NO^ emissions. For mixtures 
leaner than 15:1 combustion temperatures decrease because of the 
lack of fuel and NO^ emissions decrease. At 15:1 combustion 
temperatures are highest and NO^ emissions are highest. 
NOTE: At 15:1 air-fuel ratio when NO^ emissions are highest, 

hydrocarbon and carbon monoxide emissions are lowest (TM-4). 
Exhaust Gas Dilutio n - TM-3 - Exhaust gas dilution occurs during 
high intake manifold vacuum conditions such as idle or deceleration 
The dilution of tne air-fuel mixture with exhaust gases decreases 
the temperatures reached during combustion and lowers NO,, emissions 

A 
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ORIGIN OF INTERNAL 
COMBUSTION ENGINE POLLUTANTS 
UNIT 3 
TEST 

List and explain the origins of unburned HC emissions during normal 

combustion. 

a. 



b. 



c. 



List and explain the causes of incomplete combustion that result in 

HC emissions. 

a. 



44 



b. 



c. 



d. 



3. Explain the origin of (CO) emissions. 



4. Explain the origin of (NO ) emissions. 



5. List and explain the engine variables affecting NO^ Grriissions. 
a . 
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ORIGIN OF INTERNAL 
COMBUSTION ENGINE POLLUTANTS 
UNIT 3 
ANSWERS TO TEST 

List and explain the origins of unburned HC emissions during n nrid i 
combustion (main points). 

a. Wall Quenching - Where a layer of air-fuel mixture close to the 
combustion chamber wall loses so much heat that it will not ignite 
through the combustion process. 

b. Quench Areas - Small areas and cavities such as the inside of 
a spark plug - between top compression ring and piston top and 
around improperly fitted head gaskets, that are small and cool and 
the flame cannot burn into them. The actual "squish" area. 
Combustion Chamber Deposit s - Porous combustion chamber deposits 
absorb fuel and release it as an unburned vapor late in the power 
stroke or in the early exhaust stroke when the unburned fuel is 
exhausted to atmosphere. 

List and explain the causes of incomplete combustion (main points). 
Ignit io n Syst em - Any worn or improperly adjusted component can 
cause a weak spark or no spark that results in the emission of 
unburned HC. 

Low Air-Fue'! Mixture Tern per aj:u_re - Results in poor mixing of the 
air o-d fuel r.^d ^r^jlti, in an uneven mixture that will not burn 
evenly rf >u .u the emission of unburned HC. 

c. Rich or Lean Ai r-Fuel Mixtur^^^^^^ - Too rich - not enough oxygen to 
allow burning of al' ttie fuel, increased IIC and CO omission. Too 
lean - may cause inisfin.^ because of fuel being too diluted with air 
to burn, increased HC emissic 
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d. Excessive Exhaust Gas Dilution - During idle or deceleration [: -\jh 
manifold vacuum). Dilutes air-fuel mixture so incomplete combustion 
occurs resulting in increased HC emissions. 

3. Origin of (CO) (main points). 

Formed during combustion when there is not enough oxygen to convert 
the CO to CO2. 

4. Origin of NO^ emissions (main points). 

NOj^ is formed at high temperatures during the combustion process. 

5. Engine variables affecting NO emissions (main points). 

a. Ignition Timing - Advance timing, more fuel is burned before TDC 

resulting in high temperatures and high NO emissions. Retard ^ 
Timing - More of the mixture is burned on power stroke, lower 
temperatures lower NO emissions. 

Aj>_-_Fu_el_jlijaurj^ - Highest NO^ etnissions are at 15:1 richer or leaner 
mixtures result in lower temperatures and lower NO emissions. 
LxMilLL Gas _Djlut.ion - Normally during idle and deceler.it ion (high 
manifold vacuum) dilute;-, air-fuel inixture and results in lower 
combustion temperature, which result^, in lower NO emissionG. 
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HEATED AIR INDUCTION SYSTEMS 
UNIT 4 
TERMINAL OBJECTIVE 
After completion of this unit the student will be able ro explain the 
purpose of the heated air induction systems and explain the purpose of 
the vacuum motor type and the thermostatically-controlled unit type coniponents. 
The student will be able to visually inspect, disassemble, test and reassemble 
both systems. 

This will be evidenced through demonstration and scoring 85% minimum 
on the unit test. 

SPECIFIC OBJECTIVES 
After completion of this unit the student will be able to: 

1. Write the purpose of the intake air temperature control system. 

2. Write the purpose of each of the components of the vacuum motor 
type system and temperature controlled unit type. 

3. Identify the parts of both systems. 

4. Explain in writing the operation of one or the other system from 
cold-. tart conditions to conditions at operating temperature. 

5. Demonstrate the ability to: 

a. Determine proper operation of vacuum motor system and thermo- 
statically-controlled system. 

b. Check vacuum diaphragm unit for leaks (vacuum nio'^^r system). 

c. Check for proper operation of thermostat ( thormos^atical ly- 
control 1 uni t) . 

(J. Chock oijorcjtion of" vacuum ovorridr? fiiotor ( therrn's t^^ L ' ^ i^v* 
control 1 od uni t) . 
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HEATED AIR INDUCTION SYSTEMS 
UNIT 4 
SUGGESTED ACTIVITIES 

I. Instructor 

A. Provide students with objective sheet 

B. Provide students with information sheets and job sheets 

C. Make transparencies 

D. Discuss terminal and specific objectives 

E. Discuss information sheets 

F. Demonstrate and discuss procedures outlined in job sheets 

G. Give test 
II. Student 

A. Read objective sheet 

B. Study information sheets 

C. Demonstrate the ability to accomplish the procedures 
outlined in the job sheets 

D. Take test 

INSTRUCTIONAL MATERIALS 
I. Included in this unit: 

A. Objective sheet 

B. Information sheets 

C. Transparency masters 
4-TM-l - Basic Air Flow 
4-TM-2 - Vacuum Motor System 
4-TM-3 - Temperature Controlled Unit 
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D. Job Sheets 

1. Check for proper operation of vacuum motor system and thermo- 
statically-controlled unit. 

2. Check vacuum diaphragm unit for leaks. 

3. Check for proper operation of thermostat. 

4. Check operation of vacuum override unit. 

E. Test 

F. Answers to test 
References 
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HEATED AIR INDUCTION SYSTEMS 
UNIT 4 
INFORMATION SHEET 

I. PURPOSE OF THE HEATED AIR INDUCTION SYSTEM - To keep the air entering 
the carburetor at approximately 37.7''C(100''F) or h"!ijhGr, Thi3 allows 
leaner fuel mixtures which reduce HC emissions, gives better engine 
warmup characteristics and minimizes carburetor icing. 
II. TERMS, DEFINITIONS AND FUNCTIONS OF VACUUM MOTOR HEATED AIR INDJCTION 
SYSTEM - TM-1 and TM-2 

A. Manifold Stove - A metal shroud around the exhaust manifold that 
directs air flow over the exhaust manifold to preheat it. 

B. Hot Air Pipe - Connects manifold stove to snorkel tube on air 
cleaner just below the damper assembly. 

C. Damper Assembly - Connected to vacuum diai^hragm by linkage which 
positions it to direct preheated air\ or engine compartment air to 
carburetor. 

D. Vacuum Diaphragm Unit - Controls damper assembly. Actuated by 
spring pressure and manifold vacuum. 

E. Tempera ture S ensor - Senses incoming air temperature by means of a 
temperature sensitive spring. The position of the spring operates 
a small valve that determines if vacuum is applied to vacuufii 
diaphragm or if it is vented. 

III. TERMS, DEFINITIONS AND FUNCTIONS OF THERMOSTATICALLY-OPERATED HEATLD 
AIR INDUCTION SYSTEM - TM-3 

A. Manifold stove and hot air pipe are the :iamc. 

Ther most at - Senses air teinperature and expands as toiii|)erriluro 
increases to operate valve pi ate. 
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C, Valve _P1a_te - Operated by the thermostat and determines if air 
reaching carburetor is preheated or engine compartment air. 

D. V acuum Override Motor - Allows increased intake air during cold 
acceleration. A decrease in intake manifold vacu'jn; allows the 
vacuum motor to override the thermostatic control, allowing both 
preheated and engine compartment air to enter the carburetor. 

EXPLANATION OF VACUUM MOTOR SYSTEM OPERATION - When engine compartment 
air temperature is less than 37. 7°C( 1 00°F) and the engine is started 
the following sequence occurs: 

(1) The temperature sensor spring prevents air bleed (venting) 

therefore manifold vacuum is directed to vacuum diaphragm unit. 

(?) Vacuum in the vacuum diaphragm unit overcomes spring tension. This 
action through linkage, positions the datiiper assembly to prevent 
engine compartment air from entering the carburetor. 

(3) Air is drawn into the manifold stove and is preheated by the exhaust 
M.anifold. This heated air is drawn through the hot air pipe into 
the carburetor. 

(4) As the temperature in the air cleaner assembly reaches approximately 
37. 7"C(100'-T) the spring in the temperature sensor unit allows 

some air to be bled in. This reduces vacuum at the vacuum diaphragm. 

(5) Ao vacuum is reduced in the vacuum diaphragm, the spring tension 
forces down the linkage and the damper assembly. This allows 
some engine compartment air to enter the air cleaner and mix with 
the preheated air. 

(6) When air tempera ture' at the temperature seri^.or is greater than 
37.7"C(100'T), the spring in the temper, ture '.on^or allow;, full 
air hleed. This reduces vacuum in the vacuum didpliragm unit to 
such a low value that the spring completely clo:.es the damper 
assembly allowing only engine compartment air to enter the car- 
tiuretor . 
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EXPLANATION OF THERMOSTATICALLY«CONTROLLED SYSTEM OPERATION - When 
engine compartment temperature is below 37 , /''Cl 1 00"^) and zhe engine 
is started, the following occurs: 

(1) The thermostatic control is in a contracted position. This position 
lifts the valve plate to block off engine compartment air and allows 
preheated air to be drawn into the carburetor from the manifold 
stove and hot air pipe, 

(2) As the air temperature passing over the thermostat increases, the 
thermostac begins to expand. This starts to lower the valve ^jlate 
allowing some engine compartment air to mix with the preheated air. 

(3) When the air temperature is 37 , 7^C( 1 OO^F) or greater, the thermostat 
is fully extended. This closes off the preheated air and allows 
engine compartment air to enter the carburetor. 

(4) During cold acceleration, a drop in manifold vacuum to the vacuum 
override motor allows the spring in vacuum override motor to 
reposition the valve plate (overrides thermostatic control) to 
allow engine compartment and preheated air to mix. 
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HEATED AIR INDUCTION SYSTEMS 
UNIT 4 



JOB SHrlET #1 - DETERMINE PROPER OPERATION OF VACUUM MOTOR SYSTEM AND 

THERMOSTATICALLY-CONTROLLED SYSTEM 
I. Tools required 
Thermometer 
II. Procedure 

A. Check engine compartment temperature (should be less than V J'X 
(lOO^F). 

B. Engine should be cold. 

C. Insure all vacuum hoses are tight and in good condition. 

D. Insure hot air pipe is securely attached to manifold stove and 
air cleaner. 

E. Start engine. 

F. Damper assembly valve plate should be up (heat on position). 

G. Warm up engine. 

H. Check temperature at snorkel inlet or temperature sensor. If 
40.1 ''C(105''F) or higher,' damper assembly (valve plate) should be 
down (heat off position). 

NOTE: These are BASIC PROCEDURES. Check the proper manufacturers 
technical or shop manual for exact procedures and settings 
for each make and model. 
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JOB SHEET f?2 - CHECK VACUUM DIAPHRAGM UNIT FOR LEAKS 
I. Tools required 

A. Vacuum pump 

B. Vacuum gauge 

C. Bleed valve 

D. Shutoff valve 
II. Procedure 

A. Remove air cleaner assembly. 

B. Attach vacuum pump and gauge to vacuum diaphragm unit. 

C. Start pump. 

D. Close down bleed valve until vacuum shows 20" Hg. 

E. CI ose shutoff val ve. 

« 

F. Turn off pump. 

G. Vacuum diaphragm unit should hold 20" Hg for 5 minutes. 

H. Release vacuum. 

I. Start pump. 

J.. With bleed valve build vacuum slowly and observe for: 

1. Valve plate should begin to lift at it less than 5" Hg. 

2. Valve plate should be full up with no more than 9" Hg. 

NOTE: These are BASIC PROCEDURES. Check the proper manufacturers 
technical or shop manual for exact procedures and settings 
for each make and model . 
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JOB SHEET #3 - CHECK FOR PROPER OPERATION OF THERMOSTAT 

I. Tools and Equipment 

A. Thermometer 

B. Large Pan 

C. External Source of Heat 
II. Procedure 

A. Remove air cleaner assembly. 

B. Remove air filter element - 

NOTE: If temperature is less than 37. 7^C{100''F) valve plate 
should be in the heat on position. 

C. Remove duct (snorkel) and valve assembly. 

D. Fill large pan with water. 

E. Immerse in water. 

F. Raise water temperature to 37.7°C(100°F) - 

NOTE: Soak unit at this temperature for 5 minutes to stabilize 
temperature. 

G. Increase water temperature to 56. 1 °C( 1 35°F) (valve plate should 
move to heat off position. 

H. If valve plate does not move check for misalignment and binding 
and correct as necessary. 

I. If valve plate does not operate properly and no binding is present, 
replace duct and valve assembly. 

NOTE: These are BASIC PROCEDURES. Check the proper manufacturers 
technical or shop manual for exact procedures and settings 
for each make and model. 
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JOB SHEET H - CHECK OPERATION OF VAC'.;U^ L^^^^kiCL " 

I. Tools and Equipment 

Vacuum gauge 
II. Procedure 

A. tr,^ Uie should be cold. 

3. Jisconnect hose from vacuum override unit. 
Connect vacuum gauge to hose. 

D. Start engine. 

E. At idle vacuum should be 15" or greater (if less than 15" check 
for leaks in hose or at fitting on manifold). 

F. Check to see if damper is partly open to admit both engine 
compartment air and heated air. 

G. Remove vacuum gauge. 

H. Connect vacuum hose to vacuum override motor. 

I. Check to see if damper moves to heat on position. 

J. If damper does move to heat on position, the vacuum override 
motor should be replaced. 

NOTE : These are BASIC PROCEDURES. Check the proper manufacturers 
technical or shop manual for exact procedures and settings 
for each make and model. 
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HEATED AIR INDUCTION SYSTEMS 
UNIT 4 
TEST 

What is the purpose of the intake air temperature control system 



Write the purpose of each of the component's of the vacuum niotor 
system ana temperature controlled unit type. 
Vacuum motor type 
a. 

b. 

c. 

d. 
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2. (Continued) 

Temperature controlled type 
a. 



d. 
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. Identify the parts of the vacuum motor system. 
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Explain in writing the operation of one or the other system from 
cold-start conditions to conditions at operating temperature. 



The student should demonstrate the ability to perform the following 
jobs to the satisfaction of the instructor: 

a. Determine proper operation of vacuum notor system and thermostatically- . 
controlled system. 

b. Check vacuum diaphragm unit for leaks (vacuum motor system). 

c. Check for proper operation of thermostat (thermostatically-controlled 
unit) . 

d. Check operation of vacuum override motor (thermostatically-controlled 
unit). 
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HEATED AIR INDUCTION SYSTEMS 
UNIT 4 
ANSWERS TO TEST 

What is the purpose of the intake air temperature control system? 
To keep the air entering the carburetor at approximately 37.7°C(100°F) 
or higher. This allows leaner fuel mixtures which reduce HC emissions, 
gives better engine warmup characteristics and minimizes carburetor 
icing. 

Write the purpose of each of the components of the vacuum motor type 
system and temperature controlled unit typp. 
Vacuum motor type 

a. Manifold Stove - A metal shroud around the exhaust manifold that 
directs air flow over the exhaust manifold to preheat it. 

b. Hot Air Pipe - Connects manifold stove to snorkel tube on air 
dealer just below the damper assembly. 

c. Dampe r Assembly - Connected to vacuum diaphragm by linkage which 
positions it to direct preheated air, or engine cofi^artment air to 
carburetor. 

d. Vacuum D i a p h r a g iii^ U n j J, - Controls damper as.sembly. Arcuated by 
spring pressure and manifold vacuum. 

Temperature Sensor - Senses incomirnj air temperature by moans of r) 
temperature ':.onsitivo sprintj. The position of the sprincj opf.Tdtf^s 
a small valvo that determines if vacuum is applied t/. vacuum 
diaphragm or if it is vented. 
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2. (Continued) 
Temperature controlled type 

a. Manifold stove and hot air p^^pe are the same. 

b. Thermostat - Senses air temperature and expands cS temperature 
increases to operate valve plate. 

c. V alve Plate - Operated by the thermostat and datermines if air 
reach ;.ig carburetor is preheated or engine compartment air. 

d. >dcuum Override Motor - Allows increased intake air during cold 
acceleration. A decrease in intake manifold vacuum allows the 
vacuum motor to override the thermostatic control, allowing both 
preheated and ennine compartment air to enter the carburetor. 

3. Identify the parts of both systems. 
Vacuum motor type 

a. Manifold stove 

b. Hot air pipe 
Damper assembly 

u. Vacuuffi diaphragm unit 
G. Toiiiperdture sensor 
TcMiijjero tur;o contrpl J ed un i L 
a . Man i fold stove 
'il (J i r (Jiprj 

L . I flLT'IllOStdf: 

Vd(,t'imi ovorridf' motor 
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Explain in writing the operation of oje or the other system: from 
cold-start conditions to conditions at operating temperature. 
Vacuum motor system operation 

a. The temperature sensor spring prevents air bleed (venting) therefore 
•nanifold vacuum is directed to vacuum diaphragm unit. 

b. Vacuum in the vacuum diaphragm unit overcomes spring tension. 
This action through linkage, positions the damper assembly to 
prevent engine compartment air from entering the carburetor. 

c. Air is drawn into the manifold stove and is preheated by the exhaust 
manifold. This heated air is drawn through the hot air pipe into 
the carburetor. 

d. As the temperature in the air cleaner assembly reaches approxiriiatfv / 
37''C(100'T) the spring in the temperature sensor unit allows 

some air to be bled in. This reduces vacuum at the vacuum d iriphrayni. 

e. As vacuum is reduced in the vacuum diaphragm, the spring tension 
forcci down the linkage and ttio damper ri'/.ijinb ly . Tfii'^ allows 
soMio OMfjine compartment riir lo enter the air cleaner jrid mix wilJi 
Ltio pr(?t]ea L(/d air. 

f. Whf/n air tf-Miiperrj Lure at l\nf IfMiiperj tjjr^- sorr.or , grr.'ater Lhrin 
.'i/. /' (:( I OO'M ) , Lfif' spririfj in the tempera t.urf' '.orisor allow, full 

f^l^'^''l. Ihr. t'f'dwi.t:'. v.ifjjuiit in Lfif vacjjufii d i.j|jfir-.H)iii unit \n 
'.'i'tf 'i low Vr)hjr' tlial. f.f<" '.\>\\\\(i f.fjiiip 1 1 ■ j y (Ao'J*^ t.\\(^ daiiipf-r 
' ''''I / 'iMowinij unl/ <'fi'jifw . iHUjM r' hnr-fi t ,i\f t.u *'f\\,('r f.fi" '.^ 
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(Cont inued) 

' '"J."P>.j'-_3 1 ica i U^rAyil^.Cf-i lied. _sji^_s tern _q£fira_t i on 

i. Tm.' Lriprrv.it.r.ic control is in a contracted position. This position 
lifts the valve plate to olock off engine comparrv, t „ir and allows 
preheated air to be drawn into the carburetor S ' manifold 
stove a fid not air pipe. 

s the air ten.pera ture passing over the thermostat increases, the 
ihermostat begur, to e;,;,r„l. Ttiis starts to lower the valve plate 
-J""' '.■n<]ine coKipar tmen t air to ciix with the preheated air. 
When th'.. ,nr teniperci tur- ,s 37 . / t; ( ] 0(rr ) or greater, the thermostat 

':j!iv extendc-i. This ciuses off the preheated air diid ,.i;. ws 
'.'.'igiiie {.ijiiiparf! . \ ,iir to enter- thu carburetor-. 

""^ ^"■•■"■i'Jt if;n, ,j drop in iiidnifold vacuum to t.\u- v,i.,.i!j|.i 

.llows f.h'- spring in vacuoiii override motor h, 
"■;>'>■. iUrni tj,.. v.iive pKil.. (overrides ther'nios ta t i (, f.ontroi) i, 
'I Mow (,:n(jiric '.oi;ip,ir'tiiieri ' ,iri'l pn-rnM |,,.f| ,] j r t,o m i y , 
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EVAPORATIVE EMISSIONS CONTROL SYSTEM 
UNIT 5 
TERMINAL OBJECTIVE 

After completion of this unit the student will be able to identify 
the components and explain the operation of a basic evaporative emission 
control system. The student will be able to visually inspect, test, and 
service the evaporative emission control system. 

This will be evidenced through demonstration and scoring 85% minimum 
on the unit test. 

SPECIFIC OBJECTIVES 
After completion of this unit the student will be able to: 

1. Write the purpose of the evaporative emission control fiystem. 

2. Identify the components of a basic evaporative emission control 
system. 

3. Explain the function of each component. 

4. Explain the operation of the basic system. 

5. List the methods of carburetor vapor control. 

6. Demonstrate the ability to: 

a. Change the charcoal cannister filter. 

b. Test the fuel tank filler cap. 
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EVAPORATIVE EMISSIONS CONTROL SYSTEM 
UNIT 5 
SUGGESTED ACTIVITIES 

I. Instructor 

A. Provide students with objective sheet 

B. Provide students with information sheets and job sheets 

C. Make transparencies 

D. Discuss terminal and specific objectives 

E. Discuss information sheets 

F. Demonstrate and discuss procedures outlined in job i^heets 

G. Give test 
II. Student 

A. Read objective sheet 

B. Study information sheets 

C. Demonstrate ability to accomplish the procedures 

D. Take test 

INSTRUCTIONAL MATERIALS 
I. Included in this unit: 

A. Objective sheet 

B. Information sheet 

C. Transparency masters 

S-TM-l - Evaporative Emissions Control Systp 

5-.TM-2 - Fuel Tank with Thermal Expansion Vo .tl 

5-TM-3 - Fuel Tank Filler Cap 

5-TM-.4 - Vapor Liquid Separator 

5-TM-!> - Charcoal Ccinister 

5-TM-r - Charcoal Canister Purrjiny Methods 

5-TM-6A - Purge Air Flow 

'j-ltA-^M - i'l.rge Val /e 

f)- iM-ec :or n ,it P ]»^ge 

Er|c 7't 
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D. Job Sheets 

1. Replace charcoal canister filter 

2. Test the fuel tank filler cap 

E. Test 

F. Answers to test 
II. References 

^- 1973 Chevro let Service Manual (contact local d-dicr). 

B. Chrysler Corporation, 1973 Emission Controls . f ,-ysler Corp., 
P. 0. Box 2119, Detroit, Mich. 48231, Attenf.'or. C. G. Palus. 

C. Glenn, Harold T. Glenn's Emissi on Control Sv-.tPr -, Chicago, Illinois, 
Henry Regnery Company, (1972). 

D. Gargano Promotions. Vehicle Emission Contr ol. ,;-82n West S^ven 
Mile Road, Detroit, Mich. 48235, Gargano Prodotio^s^ (iq - ) . 
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EVAPORATIVE EMISSIONS CONTROL SYSTEM 
UNIT 5 
INFORMATION SHEET 

I. PURPOSE OF THE. EVAPORATIVE EMISSION CONTROL SYSTEM - To control the 
release of hydrocarbons {hi) to the atmosphere that results froiu fuel 
vapors escaping from Tuei rjnks rind carburetor vents 
II. TERMS, DEFINITIONS AND r''.>:LTiCNS OF EVAPORATIVE EMISSION CONTROL 
SYSTEM. TM-1 

A- f-'ue^ Tank - TM-2 - A sealed unit for storing the fuel that has a 
build-in air space (approximately 11;. of tank volume) to allow for 
fuel expansion due to teinperature increases. 

Fuel Tank Filler Cajj - TM-3 - Seals ttie fuel tank and dcts as a 
pressure vacuum relief valve to protect the fuel tank from 
excessive pressure or ;/L.cuum. 
C. Vapor X^MU_Li_n_es - TM-1 - Allow vapor*", to escape from the fuel tank 
and pass Lo a vapor-1 i(]u id separator. 

Vapp r -.Liqyi (J ^^^^^^^ _ 7^.4 ^ Prevents passdqe of liquid fuel lo 

the car^bon canister \)/ moafis of eitfier a float valve th.jL '.ea Is 
thQ outlet when licjuid fuel enters or by means of standf^i [jr-'. . riie 
standfripes are set at different heiqtits to allow liquid fuel (.0 
reluin li) trie tank and (jnly vapors to escdpe. 

[. CfidrLOcjl Canister - IM-'; - Coritdiris actiyated (Jiarcoal ttidt trdps 
(jfid '.toff.'-. fijf;l Vdpors. ' WfuMi ttie CcUii'. ter is purqed witti fre'Ji 
'I'f tfM.' It '\\)\ff'f\ fij"l Vdpor'. drf rc'iiiovc'd fjnd v^-nted tfj tfie c d r'biifctor . 

I. I'ury^' I ~ f\]\(,,r> [)d', ,d'j'' i}\ f'jfj ydi;hr Iroiii tin.' (.\un(M>i \ (,dr, 1 t(.'r 
1^1 Mif ' 'I rlHjf^' (.0 r' Mr' (\ ] c < \i>,\uf'r vyficfi I'hi- ^-nqifM' 1 r'N/ihiriq. 
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^^.^L^:^L^.^^I,^^^^^ - The following are some of trie methods ;jst': 

LO control carburetor vapors; 

1. External carburetor vents are being eliminated. 

2. Use of lower temperature thermostats to reduce under hood 
temperatures. 

3. Reduction of carburetor fuel bowl temperatures by: 

a. Insulating washers on carburetor hold-down studs. 

b. Use of insulating gaskets and aluminum rddidrit: [leat: sn i ] . 

4. Venting carburetor fuel bowls to the charcoal cdniste-. 

III. EXPLANATION OF EVAPORATIVE EMISSIONS CONTROL SYSTEM npLRAlION Wli.^n 
the fueV tdfik is full and subjected to changes in te- ipera r.uro L^e 
fol lowing will occur: 

(1) As the fuel becomes warm it expands and at the some Iwm^ ) 
fuel vapors. 

[Z) Ttie expansion is taken up in Lfie design of tne fuel [.i>\r v;m^.m 

prevents filling approximately 11 (jf tfie tank's voIuin^. 
(J) rtie va[jfjr's arc* released, [jass irirourjn Uie vi.'ii' \ in>- . r 

Vct[Jf;r- 1 i (jii id sepcirsitor' vi^lich .lllows '.M*: V'i(;Or^^ (■ : , i f;i ' [.,• 

wi M {jrevfMU ^iny lifjuid lufl f rofii (jass inu. 
(^Ij The voiHjrs travel lo t^ie ricUvated cfi.jrt.oji '.wiis'im r 

ri re f.r.i pjV'd ;in'j s tored . 

(^0 '^^f'*-fi (-he "liiMK; IS St.lflfw], t.hp f.jfii ,ff'r 1 ;-Nf.)f'} vii i - ; 
lifiS' lU:xl J , to tfie s-if'l.M.ret or fjr uir ( i-m.-r. 
NO'l \. : [ ['f-ri' 'i 1 f t tM"''fif. ['i'-Uiods usf ' 1 ' n ]f • ... 

'-•'fi ' ' ^'^ i f - . , M ,fisw f ' • • ' . . ' I. 
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(6) As fuel is consumed, a partial vacuum develops in the fuel tank. 
The filler cap, which acts as a relief valve, opens when fuel 
tank vacuum pressure reaches approximately ,5 to 1 psi to allow 
air into equalize the pressure and prevent fuel tank damage. 
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EVAPORAM EMISSIONS CONTROL SYSTEM 
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PRESSURE - VACUUM RELIEF FILLER CAP 



SEALING 
GASKETS 



TA^.;^ . ^SIVE 1/2 - I PSI 
qS.'^' -^ " OUTER SHELL 
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CHARCOAL CANISTER PURGIN G METHODS 
PURGE AIR FLOW (AIR CLEANER METHOD) 
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CHARCOAL CANISTER PURGING METHODS 



CONSTANT PURGE METHOD 




EVAPORATIVE EMISSIONS CONTROL SYSTEM 
UNIT 5 

JOB SHEET if] - CHANGE CHARCOAL CANISTER FILTER 
I. Tools required 
As necessary 
II. Procedure 

A. Disconnect hoses from top of canister. 

B. Remove canisters from mounting bracket. 

C. Remove cover from bottom of canister. 

D. Remove filter element. 

E. Install new filter element. 

F. Replace cover. 

G. Reinstall canister in mounting bracket. 

H. Reconnect hoses. 

NOTE: These are BASIC PROCEDURES. Check the manufacturers 

service shop manual or technical manual for exact pro- 
cedures for each make and model. 



JOB SHEET #2 - TESTING THE FUEL TANK FILLER CAP 



I. Tools required 
None 
II. Procedure 

A. Remove fuel tank filler cap. 

B. Apply oral vacuum and check that valve opens under vacuum and 
closes under pressure. 

C. If valve fails to open or close, replacement of the filler cap 
is required. 



NOTE; These are BASIC PROCEDURES. Check the manufacturers ser 
shop manual or technical manual for exact procedures for 
each make and model . 
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EVAPORATIVE EMISSIONS CONTROL SYSTEM 
UNIT 5 
TEST 

1. What is the purpose of the evaporative emission control system? 



2. Identify the coniponents of the evaporative emission control system. 




a . 
b. 
c . 
d. 
e. 
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Explain the function of each component, 
a . 

b. 

c . 

d. 

e. 

f . 

Explain the operation of the basic system. 
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5. List the methods or carburetor vapor control, 
a. 

b. 

c. 
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EVAPORATIVE EMISSIONS CONTROL SYSTEM 
UNIT 5 
ANSWERS TO TEST 

Purpose of the evaporative emissions control system - To control the 
release of hydrocarbons to the atmosphere that results from fuel 
vapors escaping from fuel tanks and carburetor vents. 
Identify basic components - TM-1 

a. Fuel tank 

b. Fuel tank filler cap 

c. Vapor vent lines 

d. Vapor-liquid separator 

e. Charcoal canister 

f . Purge 1 ine 

Explain function of each component. 

a. Fuel Tank - Stores the fuel in a sealed unit and is designed to allow 
for fuel expansion by having a special air space. 
Fuel Tank Fil 1 er Cap - Seals fuel tank and acts as a relief valve 
to protect the tank from excessive pressure or vacuum. 

c. Vapor Vent Lines -Allow vapors to escape from the fuel tank to the 
vapor-liquid separator. 

d. Vapor-Liquid Separator - Allows vapors to pass on to the charcoal 
canister but prevents the passage of liquid fuel by means of 
standpipes or a float valve. 

e. Charcoal Canister - Stores and traps fuel vapors in activated charcoal. 

f. Purge Line - Allows passage of the fuel vapors from charcoal canister 
to the air cleaner or carburetor when the engine is running. 
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Basic system operation - As fuel increases in terrperature it expands 
and gives oft vapors. The expansion is compensated foy^ by fuel tank 
design 'which has a built-in volume of approximately 11% cf tan^^ capacity 
for an air space. The vapors pass through the vapor vent lines to the 
vapor-l iquid separator where the vapors pass forward to be trapped and 
stored in the charcoal canister. Liquid fuel is stopped at the vapor- 
liquid separator and returned to the fuel tank. When the engine is 
started, vapors are drawn from the charcoal canister to the carburetor 
or air cleaner and burned in the engine. As fuel is used and the 
vacuum in the fuel tank increases the filler cap opens to allow air 
into the tank to equalize the pressure and prevent damage. 
Methods of carburetor vapor control. 

a. Eliminate external vents. 

b. Insulating washers on carburetor hold-down bolts. 

c. Insulating gasket and radient aluminum heat shield. 

d. Venting carburetor fuel bowls to charcoal canister. 
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ENGINE MODIFICATIONS 
UNIT 6 
TERMINAL OBJECTIVE 
After the completion of this unit the student will be able to explain 
the purpose of engine modifications and explain each engine modification 
and its purpose* 

This will be evidenced by scoring 85% minimum on the unit test. 

SPECIFIC OBJECTIVES 
After completion of this unit the student will be able to: 

1. Write the purpose of engine modifications. 

2. Write the purpose of intake manifold modifications. 

Explain how intake manifold modifications reduce 
emissions. 

3. Write the purpose of higher engine operating temperatures. 

Explain how higher coolant temperatures reduce 
emi ssions . 

4» Write the purpose of modified combustion chambers. 
Explain how modified combustion chambers reduce 
emissions. 

5. Write the purpose of lower compression ratios. 

Explain how lower compression ratios reduce emissions. 

6. Write the purpose of modified valve timing. 

Explain how modified valve timing reduces 
emissions . 
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ENGINE MODIFICATIONS 

UNIT 6 
SUGGESTED ACTIVITIES 

Instructor 

A. Provide students with objective sheet 

B. Provide students with information sheets 

C. Make transparencies 

D. Discuss terminal and specific objectives 

E. Discuss information sheets 

F. Give test 
Student 

A. Read objective sheet 

B. Study information sheet 

C. Take test 

INSTRUCTIONAL MATERIALS 
Included in this unit: 

A. Objective sheet 

B. Information sheet 

C. Transparency masters 

6-TM-l - Intake Manifold Modifications 
6-TM-2 - Combustion Chamber Modifications 

D. Test 

E. Answers to test 
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ENGINE MODIFICATIONS 
UNIT 6 
INFORMATION SHEET 

I. PURPOSE OF ENGINE MODIFICATIONS - To redesign various engine components 
and change certain operating conditions to achieve more complete 
combustion and reduce engine emissions. 

II. PURPOSE OF INTAKE MANIFOLD MODIFICATIONS - TM-1 - To reduce cylinder 
to cylinder and cycle to cycle variations in air-fuel mixtures which 
results in more complete combustion and lower HC and ^0 emissions. 

A. Intake manifolds have been redesigned with more exact passage 
sizes, a smoother finish on passages and better matching of 
manifold to cylinder head parts. 

B. Other modifications include redesigned crossover passages for 
exhaust gases so better vaporization of the fuel mixture can occur 
during warm-up, and a single plane manifold i:hat reduces the size 
of manifold pulsations and allows a more constant distribution of 
fuel to each cylinder. 

C. These modifications result in a more even distribution of the air- 
fuel mixture to each cylinder. 

III. PURPOSE OF HIGHER ENGINE OPERATING TEMPERATURES - Higher coolant 
temperatures result in higher combustion chamber wall temperatures 
and more complete combustion. 

Thermostats that control coolant temperatures between 81^C(180^F) 
and 92°C(200^F) prov::de for faster engine warm up and reduced 
hydrocarbon emissions. 

NOTE: On later models 1 971-74^ 82^C(185^F) thermostats are being 
used to lower combustion chamber temperatures for the 
reduction of NO^ emissions. 
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IV. PURPOSE OF MODIFIED COMBUSTION CHAMBERS - TM-2 - To reduce cold 

surface areas and increase quench areas to lower the amount of fuel 
that is unburned in these areas. 

A. More closely made head gaskets that better follow combustion chamber 
shape have reduced the small space between the cylinder head and 
block where quenching could occur and result in unburned hydro- 
carbons. 

B. Larger exhaust valves have been used to reduce the amount of 
exhaust backflow that could dilute the air-fuel mixture. 

V. PURPOSE OF LOWER COMPRESSION RATIOS - Compression ratios were primarily 
lowered to allow the use of lead-free, low-octane gasoline. 

A. The required changes in combustion chamber design to lower the 
compression ratio also rer.ulted in lower emissions. 

B. The lower compression t^atio and retarded ignition timing results 
in higher exhaust manifold temperatures that burn the unburned 
hydrocarbons from combustion. 

VI. PURPOSE OF MODIFIED VALVE TIMING - To reduce peak combustion chamber 
temperatures and lower emissions. 

A. Camshafts with extended overlap tend to cause some dilution of the 
air-fuel mixture with exhaust gases. 

B. This dilution of the fuel mixture results in lower combustion 
temperatures and reduces NO^ emissions. 

NOTE: Earlier designs reduced valve overlap to lower HC 
emissions. 
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INTAKE MANIFOLD MODIFICATIONS 
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COMBUSTION CHAMBER MODIFICATIONS 
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ENGINE MODIFICATIONS 
UNIT 6 
TEST 

t is the purpose of engine modifications? 
What is the purpose of the intake manifold modifications? 

Explain how intake manifold modifications reduce emissions. 



What is the purpose of higher engine operating temperatures? 
Explain how higher coolant temperatures reduce emissions. 



What is the purpose of modified combustion chambers? 

Explain how modified combustion chambers reduce emissions. 
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5. What is the purpose of lower compression ratios? 



Explain how lower compression ratios reduce emi«jSions. 



I 



6. What is the purpose of modified valve timiny? 



Explain how modified valve tifoinrj reduces emissions. 
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ENGINE MODIFICATIONS 
UNIT 6 
ANSWERS TO TEST 
What is the purpose of engine modifications? 

To redesign various engine components and parameters to achieve more 
complete combustion and reduce engine emissions. 
What Is the purpose of the Intake manifold modifications? 
To reduce cylinder to cylinder and cycle to cycle variations in air-fuel 
mixtures which results in more complete combustion and lower hydro- 
carbon and carbon monoxide emissions. 

Explain how Intake manlfol^l fi»od1f Icatlons reoiCe emissions. 
I. Intake manifolds have b<*«'n redesigned with more exact passage 
sl/es, a smoother finish on passages and better matching of 
manifold to cylinder head parts. 
7. Other modifications include redesigned crossover pas^'^^nes for 
rxhiMjst r)/ises so l)«ftt«*r vaporization of the fuel mixture can 
occur (lur ing w.inn up, .jnd a single plane manifold that reduces 
the si/c of mar»1fold (Hjisatlons and allows a more constant 
(11 str'U)ut.)on u\ fijcl to ertcl) cyllndf^r. 
J. Ihi-M- modlfUrttions ri'sulL In n iii()r<? <*vr*n distribution of the 
<iir-fufl lulxturi' to <M(.fi (:yllnd(»r. 
Whrtt Is Um* pur()0%c of hlghiT engine* opifratlntj tem|i<*rati'res? 
Mlghirr cuoltint tiMiipcr <j lurf*s ri'SulL In lilglier combustion cfiamlicr w<i I I 
t«'mpfr'rt tur*". and (nor<* complect** combustion. 

I xp 111 In how higher coolnnt tiitip*?r ^itur(?s reduce emissions. 
I. fher'mo%tflls that c(jntrt)l coolant terpf»rature% ljetw(?en Mr'C(lMO"l) 
♦iri<l g;^"C(;'(J()i ) provide for faster engine war^m tjp rtrid reduced 
liydrocarbon hiiIss Ions . 
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What is the purpose of modified combustion chambers? 

To reduce cold surface areas and increase quench heights to limit the 

amount of fuel that is unburned in these areas. 

Explain how modified combustion chambers reduce emissions. 

1. More closely made head gaskets that better follow combustion 
chamber shape have reduced the small space between the cylinder 
head and block where quenching could occur and result in un- 
burned hydrocarbons. 

2. Larger exhaust valves have been used to reduce the amount of 
exhaust backflow that could dilute the air-fuel mixture. 

What is the purpose of lower compression ratios? 
Compression ratios were primarily lowered to allow the use of lead- 
free, low-octane gasoline. 

Lxplain how lower compression ratios reduce emissions. 

1. The required changes in combustion chamber design to lower the 
compression ratio also resulted in lower emissions. 

2. Tho lower compression ratio results in higher exhaust manifold 
tempordturos that further burn the unburned hydrocarbons from 
combustion. 

Wfhit is t\\o purpose of modified valve timing? 

lo reduce poak combustion chamber temperatures and lower emissions. 
Lxplain how modified valvo timing reduces emissions. 
1. Camshafts with extended overlap tend to cause some dilution of 

t,ti<» air- fu(fl mixture with exhaust gases. 
X. Ihis dilution of thi* fu(H mixture results in lower combustion 

f.iMripr.'rd tiirr»s anri rc^ducrjs NO^ emi'isions. 

Ill 
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CARBURETOR MODIFICATIONS 
UNIT 7 
TERMINAL OBJECTIVE 

After completion of this unit the student will be able to explair the 
purpose of carburetor modifications. He will be able to list the modifi- 
cations made to carburetors and the purposes of these modifications. 

•^his win be evidenced by scoring 8S% minimum on the unit test. 

SPECIFIC OBJECTIVES 
After completion of this unit the student will be able to: 

1. Write the purpose of carburetor modifications. 

2. Write the purpose of the choke system modifications. 

3. List the choke system modif icatinn*- , 

4. Write the purpose of idle system niodif icationb. 

5. List the idle system modifications. 

6. Write the purpose of the triple venturi in carburetors. 
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CARBURETOR MODIFICATIONS 
UNIT 7 
SUGGESTED ACTIVITIES 

1 . Instructor 

A. Provide students with objecMve sheet 

i3. Provide students with in^ormati'^n and job sheets 

C. Make transparencies 

D. Discuss terminal and speci'"^c objectives 

E. Discuss information sheets 

F. Demonstrate and discuss procedures outlined on job sheets 

G. Give test 
II. Student 

A. Read objective sheet 

B. Study information sheet 

C. Demonstrate ability to accomplish the procedures 

D. Take test 

INSTRUCTIONAL MATERIALS 
I . Included in this uni t; 

A. Objective sheet 

B. Information sheet 

C. Transparency masters 

7-TM-l - Electric Choke System 

7-TM-2 - Stainless Steel Thermostatic Coil Well 

7-TM-3 - Staged Choke Pulldown 

7-TM-4 - Off Idle Air Bleed Adjusting Screw 

7-TM-5 - Fixed Orifice Restriction Idle Limiters 
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7-TM-6 - Stoplock Screws 

7-TM-7 - External Idle Control Limiters 

7-TM-8 - Idle Speed Control (Solenoid) 

7-TM-9 - Carburetor Dash Pot 

7-TM-lO - Triple Venturi 

D. Test 

E. Answers to test 
References 

1. 1973 Chevrolet Service Manual (contact local dealer). 

2. Chrysler Corporation, 1973 Emission Controls , Chrysler Corp., 
P. 0. Box 2119, Detroit, Mich. 48231, Attention C. G. Palus. 

3. Gargano Promotions. Vehicle Emission Control , 12824 West Seven 
Mile Road, Detroit, Mich. 48235, Gargano Promotions (1973). 

4. Glenn, Harold T. Glenn's Emission Control Systems , Chicago, 
111., Henry Regnery Co., (1972). 
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CARBURETOR MODIFICATIONS 
UNIT 7 
INFORMATION SHEET 

I. PURPOSE OF CARBURETOR MODIFICATIONS - To reduce hydrocarbons and carbon 
monoxide emissions to atmosphere especially during periods of engine 
warm up, idle and deceleration. This is accomplished bv ;iiod1f icatiofis 
that keep the air-fuel mixture from being excessively rich when it 
reaches the combustion chamber. 
11. PURPOSE OF AUTOMATIC CHOKE MODIFICATIONS - To allow faster opening of 
automatic chokes during warm up, to reduce rich warm up air-fuel 
mixtures and reduce the emission of hydrocarbons and carbon monoxide 
during this period. 
III. TYPES OF AUTOMATIC CHOKE MODIFICATIONS. 

A. El ectric Assist Chokes - TM-1 - Supplies additional heat to the 
thermostatic choke coil to reduce the amount of time the chokr> 
operates and reduce the amount of engine heat required to open the 
ch jke. 

>tain1ess Steel Thermostatic Coil Wells - TM-2 - Allows faster 
hcuL transfer to the thermostatic choke coil thus providing a 
shorter time fur choke operation. 
^- Two;^>',age Choke Pulldown - TM-3 - Uses a temperature sensing bi- 
metallic "snap" valve to control intake manifold vacuum and a 
timing device which consists of a linkage diaphragm and a vacuum 
diaphragm with a silicone liquid between them whose flow is con- 
trolled by an orifice. Above 16''C(60''F) the bimetallic valve 
opens allowing manifold vacuum to cause a low pressure area. 
Atmospheric pressure forces the linkage diaphragm to overcome 
spring tension and force fluid from the forward chamber through 
the orifice to the rear chamber. This opens the choke 15-20 seconds 
after the engine is started. 
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IV. PURPOSE OF IDLE SYSTEM MODII^ICATIONS - To prevent idle mixtures thdt 
are excessively rich and thereby reduce the emission of HC and CO at 
idle conditions. 
V. TYPES OF IDLE SYSTEM MODIFICATIONS. 

A. Off-Idle Air Bleed Adjusting Screw - TM-4 - Allows establishing 
narrower off-idle limits which reduces the richer mixture normally 
required. These are set at the factory with flow meters and then 
sealed. 

Internal Idle Co ntrol Limite rs - 

1- Internal Needle Limiters - TM-5 - Located in the internal idle 
circuit passage and prevent an overrich mixture even if the 
external idle adjusting screw is turned out all the way. The 
internal liniiter needles are preset at the factory and sealed. 

^. St_0]) Lock^ Screw - TM-6 - Fits in the nccked-down portion of the 
idle inixLure adjusting screw and restricts the travel of tho 
idle mixture adjusting screw thereby preventing excessively 
rich mixtures. 

3. Fixc^ OrjXi£t?_l^es_tri - TM-5 - Located in the internal 

idle circuit [massage and prevent an overly ric!i idle mixljjr'<^. 
C. Lxternal Idle Control, Li^^^^^^^^^^^^ - TM-7 - Ttiese are plastic Cdpv. wit.h 
tabs on them, fho idle is preset at the factory and the ca[JS aro 
installed. The tabs contact the body of the carburetor and limit 
adjusting range to 3/4 of a turn. 
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D. Idle Speed Control (Solenoid) - TM-8 - Accomplished by a solenoid 
that allows higher idle speeds so air-fuel mixtures can be set 
closer to approximately 15:1 to improve combustion at idle. The 
solenoid holds the throttle blades at this higher idle speed 
during deceleration which allows more air to enter and improves 
combustion during decel } ation. When the ignition switch is turned 
off, the solenoid is deenergized and allows the throttle blades 

to shut completely to prevent "dieseling". 

E. Carburetor Dash Pot - TM-9 - A device that can be controlled by a 
hydraulic system, an internal spring and atmospheric pressure or 
monifold vacuum. This device holds the throttle blades open for 
a longer period of time during deceleration. This in turn allows 
more air to enter the manifold and provides a more combustible 
mixture during deceleration. This reduces emissions duri:ig 
decel eration. 

TRIPLE VENTURI - TM-10 - These allow three velocity increases in the 
carburetor. These increases in air speed provide better mixing of the 
air-fuel mixture thereby a more even air-fuel mixture reaches each 
cyl inder. 



1 J 7 



141 



ELECTRIC CHOKE SYSTEM 

TO CHOKE 
CONTROL SWITCH 




THERMOSTATIC COlU 



ELECTRIC ASSIST HEATING ELEMENT 



118 



TM-I 



143 



STAINLESS STEEL THERMOS TATIC COIL WELL 
f 

THERMOSTATIC 




119 



TM-2 



145 



STAGED CHOKE PULLDOWN 




TEMPERATURE - SENSING 
V Bl - METAL VALVE J 




ERIC 



120 



TM-3 



147 



OFF IDLE AIR BLEED ADJUSTING SCREW 

r N 



n 



0 





LEAD SEAL 



OFF IDLE 
AIR BLEED 
ADJUSTMENT 




121 



ERIC 



TM-4 



r 



FIXED ORIFICE RESTRICTION IDLE LIMITERS 

r 



FIXED ORIFICE 
RESTRICTION 





FIXED ORIFICE 
RESTRICTION 



LEAD 
SEAL 



IDLE 

LIMITER 

NEEDLE 



RJC 




STOP LOCK SCREW 



r 



NECKED DOWN TO 
CLEAR STOP SCREW 




STOP SCREW 



IDLE MIXTURE 
ADJUSTING SCREW 



V 



EXTERNAL IDLE CONTROL LIMITERS 



155 



IDLE SPEED CONTROL (SOLENOID) 

r — 



LOCKNUT 




TO IGNITION SWITCH 



TLE 
POSITION 
DETERMINED 
BY THROTTLE 
STOP SCREW 



SOLENOID DE- ENERGIZED 




RUNNING RPM} 
DETERMINED BY 
SOLENOID 
PLUNGER 



TO IGNITION SWITCH 



SOLENOID^ENERGIZED 



128 



ERIC 



TM-8 



157 



CARBURETOR DASHPOT 

r ^ 




129 



ERIC 



TM-9 



TRIPLE VENTURI 



r 



MAIN 

DISCHARGE 
NOZZLE 



BOOST 
VENTURI 
(2) 



MAIN 
VENTURI 




MAIN WELL 
AIR BLEED 



MAIN WELL 
UEL 



WER IDLE 
AIR BLEED 



THROTTLE VALVE 



130 



CARBURETOR MODIFICATIONS 
UNIT 7 
TEST 

1. What is the purpose of carburetor modifications? 

2. What is the purpose of choke system modifications? 

3. List the choke system modifications, 
a. 

b. 

c. 

4. What is the purpose of idle system modifications? 

5. List the idle system modifications, 
a. 

131 
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b. (1) 



(2) 



(3) 



d. 



e. 



6. What is the purpose of triple venturi in carburetors? 
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CARBURETOR MODIFICATIONS 
UNIT 7 
ANSWERS TO TEST 

1. Purpose of carburetor modifications - To reduce HC and CO emissions 
during periods of engine warm up,, idle and deceleration* 

2. Purpose of choke system modification - To allow faster opening of 
automatic chokes during warm up and reduce rich air-fuel mixtures 
during this period thereby reducing HC and CO emissions. 

3. List the choke system modifications. 

a. Electric assist choke. 

b. Stainless steel thermostatic choke wells. 

c. Two-stage choke pulldown. 

4. Purpose of idle system modifications - To prevent idle mixtures that 
are excessively rich and reduce emissions of HC and CO. 

5. List the idle system modifications. 

a. Off-idle air bleed adjusting screw. 

b. Internal idle control limiters. 

(1) Internal 

(2) Stop lock screws 

(3) Fixed orifice restriction 

c. External idle control limiters. 

d. Idle speed control solenoid. 

e. Carburetor dash pot. 

6. Purpose of triple venturi - To increase air and fuel velocity three 
times. This allows better mixing of the fuel with the air and results 
in a more evenly mixed fuel mixture. 
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IGNITION TIMING SYSTEMS 

UNIT 8 
TERMINAL OBJECTIVE 
After completion of this unit the student will be able to explain 
the purpose of the ignition timing system. He will be able to explain 
the purpose and operation of each of the ignition timing systems. The 
student will be able to visually inspect, test and service these systems. 

This will be evidenced through demonstration and scoring 85% minimum 
on the unit test. 

SPECIFIC OBJECTIVES 
After completion of this unit the student will be able to: 

1. Write the purpose of ignition timing systems. 

2. Write the purpose of the ported vacuum advance system. 

3. Discuss in writing the operation of the ported vacuum advance system. 

4. Write the purpose of the deceleration valve. 

5. Discuss in writing the operation of the deceleration valve. 

6. Write the purpose of the dual diaphragm vacuum advance unit. 

7. Discuss in writing the operation of the dual diaphragm vacuum 
advance unit. 

8. Write the purpose of the temperature sensing distributor control 
valve. 

9. Explain the operation of the temperature sensing distributor 
control valve. 

10. Demonstrate the ability to: 

a. Test deceleration control valve operation. 

b. Test dual diaphra^jin vacuum advance unit. 

c. Test temperature sensing distributor control valve. 
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IGNITION TIMING SYSTEMS 

UNIT 8 
SUGGESTED ACTIVITIES 

I. Instructor 

A. Provide students with objective sheets 

B. Provide students with information and job sheets 

C. Make transparencies 

D. Discuss terminal and spec'fic objectives 

E. Discuss information sheets 

F. Demonsvrate and discuss procedure outlined on job sheets 

G. Give test 
II. Student 

A. Read objective sheet 

B. Study information sheet 

C. Demonstrate ability to accomplish procedures 

D. Take test 

INSTRUCTIONAL MATERIALS 
I. Included in this unit: 

A. Objective sheet 

B. Information sheets 

C. Transparency masters 

8-TM-l - Ported Vacuum Advance 

8-TM-2 - Deceleration Valve Operation 

8-TM-3 - Dual Diaphragm Vacuum Advance Unit :and Operation 

8-TM-^ Temperature Sensing Distributor Control Valve 

8-TM-5 - Temperature Sensing Distributor Control Valve Operation 
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D. Job Sheets 

1. Testing deceleration control valve operation 

2. Testing du^ diaphragm vacuum advance units 

3. Testing tha temperature sensing distributor control valve 

E. Test 

F. Answers to test 
References 

1. Ethyl Technical Notes. Controlling Exhaust Emissions , 1777 S. 
Bellaire, Denver, Colorado. 

2. Gargano Promotions. Vehicle Emission Control , 12824 West Seven 
Mile Road, Detroit, Mich. 48235, Gargano Promotions (1973). 

3. Glenn, Harold T. Glenn's Emission Control Systems , Chicago, 111. 
Henry Regnery Co., (1972). 

4. Henein, N. A. and Patterson, D. J. Emissions From Combustion 
Engines and Their Control , Ann Arbor Science Publications, Inc., 
Ann Arbor, >1ich. , (1972). 

5. Springer, G. S. and Patterson, D. J. Engine Emission Pollutant 
Formation and Measurement , Plenum Press, 227 W. 17th Street, 
New York, N. Y. (1973). 
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IGNITION TIMING SYSTFMS 
UNIT 8 
INFORMATION SHEET 

I. PURPOSE OF IGNITION TIMING SYSTEMS - To extend tiT.ing control and 
improve combustion by: 

A. Retarding the spark at idle where sufficic-ni: -Jme is available for 
combustion to occur due to low engine speeds. This also increases 
exhaust gas temperatures which promote:^ additional burning of 
hydrocarbons in the exhaust manifold. Retarded bnorr. at idle 
also requires a larger throttle opening to obtain the desired idle 
speed. This results in more air entering during idle, which 
reduces fuel mixture dilution with exhaust gases and gives better 
mixing of the air-fuel charge to improve combustion. 

B. Advancing timing during deceleration to allow sufficient time for 
the completion of the combustion process when engine speed is high. 

II. PORTED VACUUM ADVANCE SYSTEM - TM-1 - The ported vacuum advance system 
provides a retarded spark at idle that allows higher exhaust gas 
temperatures for additional burning of hydrocarbons in the exhaust 
manifold. 

A. The vacuum port for the vacuum advance unit is located above the 
throttle valve. 

B. During idle or deceleration when the throttle valve is closed no 
vacuum signal is felt at the vacuum advance unit. 

C. Under closed throttle conditions the initial spark timing and the 
centrifugal advance control the spark timing. 

EKLC 
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III. DECELERATION VALVE - TM-2 - The deceleration valve advances timing 
during deceleration to allow a longer time for combustion to occur. 

A. During deceleration when manifold vacuum exceeds 20" Hg, the 
deceleration valve closes off the ported carburetor vacuum supply 
to the vacuum advance diaphragm on the distributor. 

B. The intake manifold vacuum is then ported to the vacuum advance 
unit to fully advance ignition timing for ri few seconds. 

C. After the vehicle has slowed down and manifold vacuum approaches 
idle conditions, the deceleration valve switches from intake 
manifold vacuum to ported carburetor vacuum. 

IV. DUAL DIAPHRAGM VACUUM ADVANCE UNIT - TM-3 - The dual diaphragm 
vacuum advance unit provides normal spark advance during normal 
driving vu! a retarded spark during idle or deceleration conditions. 

A. The dual diaphragm vacuum advance unit consists of a primary or 
advance diaphragm and a secondary or retard diaphragm. 

B. The advance diaphragm is connected to the normal vacuum port 
located above the carburetor throttle valve. 

C. The retarded side or diaphragm is acted upon by manifold vacuum. 

D. The primary or advance side of the unit operates in the same 
manner as a nortnal vacuum advance unit, as the throttle valves 
are opened carburetor vacuum is sensed at the advance diaphragm 
and the timing is advanced, 

E. When the tlirottle valve is closed, during idle or deceleration, the 
normal vacuum port is closed off and the retard side of the unit re- 
ceives a manifold vacuum signal that retards tlie timing. 

fiOTL: Tlirj dual diaphragtn vacuum advance may be used with a decelera- 
tion valve to provide maximum spark retard at idle and maximum 
vacuufn advance during deceleration. 
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TEMPERATURE SENSING DISTRIBUTOR CONTROL VALVE - TM-4,TM-5 - The 
temperature sensing distributor control valve or thermostatic vacuum 
switch (TVS) controls the source of vacuum to the dual diaphragm 
vacuum advance unit to advance ignition timing thus preventing over- 
heating when the engine is allowed to id'ie for a long period of time. 
A, As engine coolant temperature exceeds approximately 103'^C(220''F) , 

the temperature sensing portion of the thermostatic vacuum switch 

causes the check ball to move up. 

When the check ball is in the "up" position, it blocks off the 
ported vacuum supply and at the same time allows full manifold 
vacuum to be directed to the advance side of the dual diaphragm 
vacuum advance unit. 

C. This increase in the spark advance causes the engine to speed up. 

D. The increased engine speed results in increased coolant flow and 
fan speed which lowers the coolant temperature. 

E. When coolant temperatures are reduced to a safe temperature, the 
temperature sensing portion of the thermostatic vacuum switch moves 
down and spring pressure and manifold vacuum seat the check ball. 
This shuts off the full manifold vacuum to the advance diaphragm 
and reopens the ported vacuum source to the advance diaphragm. 
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IGNITION TIMING SYSTEMS 
UNIT 8 

JOB SHEET #1 - TESTING THE DECELERATION VALVE 
I. Tools required 

A. Tachometer 

B. Vacuum gauge 

C. Timing light 
II. Procedure 

A. Inspect all hose connections for looseness. 

B. Check for hardened or cracked vacuum hoses. 

C. Hook up tachometer. 

D. Connect vacuum gauge to distributor vacuum advance line. 

E. With transmission in neutral and parking 1 rake set, start engine 
and allow it to co.ne to normal operating temperature. 

NOTE: If carburetor dashpot is present, insure the dashpot rod 
is not in contact with the throttle lever. 

F. Check distributor vacuum reading, it should be below 6" Hg at idle. 

G. Set initial timing and adjust carburetor for specified idle speed 
and air-fuel ratio. 

H. Increase engine speed to 2000 rpm and maintain for at least 5 

seconds. 

I. Release throttle and observe vacuum gauge. The reading should 
increase to above 16" Hg and remain there for a minimum of 1 second 
and should not take more than 3 seconds to fall below 6" fig. 

J. If the deceleration valve is not within the above limits, remove 
the cap on the deceleratiqn valve. 
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Turning the adjusting screw counter-clockwise will increase the 
time the distributor vacuum will remain above 5" Hg after releasing 
the throttle. 

NOTE: Complete one turn of the adjusting screw will change the 

vacuum setting by 1/2" Hg. 
If the valve cannot be adjusted, replace it. 

NOT_E: These are BASIC PROCEDURES. Check the manufacturers 

service shop manual or technical manual for exact proce- 
dures and specifications for each make and model. 
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JOB SHEET #2 - TESTING THE DUAL DIAPHRAGM VACUUM ADVANCE UNIT 

I. Tools required 
Tachometer 
II. Procedure 

A. Inspect all hose connections for looseness. 

B. Check for hardened or cracked vacuum hoses. 

C. With transiTiission in neutrcl and parking brake set, start engine 
and allow it to come to normal operating temperature. . 

D. Disconnect the vacuum hoses to the advance and retard connections 
on the unit. 

NOTE: The connection closest to the distributor is the retard 
diaphragm section and is connected to intake manifold 
vacuum. The outer connection is the advance diaphragm 
section and is connected to ported vacuum source. 

E. Set engine up at fast idle speed and note tachometer reading. 

F. Connect the ported vacuum hose to the outer connection. The engine 
rpm should increase. 

G. Reset engine idle speed to specified hot idle rpm. 

H. Connect manifold vacuum hose to retard diaphragm connection. 
Engine speed should decrease. 

NOTE: These are BASIC PROCEDURES. Check the manufacturers service 
shop manual or technical manual for exact procedures and 
specifications for each make and model. 
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JOB SHEET #3 - TEST TEMPERATURE SENSING DISTRIBUTOR CONTROL VALVE 

I. Tools required 
Tachometer 
II. Procedure 

A. Inspect all ho :onnections for looseness. 

B. Check for r cracked vacuum hoses. 

C. Connect tac. 

With transmission in neutral and parking brake set, start engine 
and allow it to come to normal operating temperature. 

E. Insure choke is in the vortical position and the engine is not 
overheated. 

F. Note the engine rpm. 

G. Disconnect vacuum hose from the intake manifold source at the 
temperature sensing valve and clamp it shut. 

H. If the engine rpm does not change the valve is good to this point. 
If idle speed drops 100 rpm or more, replace the valve. 

I. Reconnect the vacuum hose to the temperature sensing valve. 

J. Check that the correct radiator cap is installed and the cooling 

system antifreeze is up to specifications. 
K. Cover the radiator to reduce air flow enough to cause a high 

temperature condition. 
L. By the time the red temperature warning light comes on, the engine 

speed should have increased by at least 100 rpm. If the speed 

increase occurs the temperature sensing valve is operating properly. 



NOTE: These are BASIC PROCEDURES. Check the manufacturers service 
shop manual or technical manual for exuct procedures and 
specifications for each make and model. 
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IGNITION TIMING SYSTEMS 
UNIT 8 
TEST 

1. What is the purpose of ignition timing systems? 

2. What is the purpose of the ported vacuum advance system? 

3. Discuss the operation of the ported vacuum advance system. 



4. What is the purpose of the deceleration valve? 



5. Discuss the operation of the deceleration valve. 
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6. What is the purpose of the dual diaphragm vacuum advance unit? 



7. Discuss the operation of the dual diaphragm vacuum advance unit. 



8. What is the purpose of the temperature sensin^ istributor control valve? 



9. Discuss the operation of the temperature sensing distributor control valve. 



10. The student should demonstrate the ability to perform the following 
jobs to the satisfaction of the instructor: 

a. Test deceleration control valve operation. 

b. Test dual diaphragm vacuum advance unit. 

c. Test temperature sensing distributor control valve. 
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IGNITION TIMING S-YSTEMS 
UNIT 8 
ANSWERS TO TEST 

What is the purpose of ignition timing systems? To extend timing 
control and improve combustion by: 

a. Retarding spark at idle where sufficient time is available for 
combustion to occur due to low piston speeds. 

(Main Points) 

1. Increases exhaust gas temperatures in exhaust manifold and 
further burns hydrocarbons. 

2. Requires larger throttle opening to obtain specified "''^^le rpm. 
This reduces air-fuel mixture dilution with exhaust gas and 
results in improved combustion. 

b. Advancing timing during deceleration to allow more time for the 
completion of the combustion process when piston speeds are high. 

What is the purpose of the ported vacuum advance system? 

Provides a retarded spark at idle which leads to further burning of 

hydrocarbons in the exhaust manifold because of higher gas temperatures. 

Discuss the operation of the ported vacuum advance system. 

(Main Points) 

a. Vacuum port located above throttle valve. 

b. During idle or deceleration no vacuum advance. 

c. Initial spark timing and centrifugal advance controls spark 
under closed throttle conditions. 

What is the purpose of the deceleration valve? 

To advance timing during deceleration and allow more time for 

combustion to occur. 
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5. Discuss the operation of the deceleration valve. 

, a. When manifold vacuum exceeds 20" Hg during deceleration, the 

deceleration valve shuts off the ported vacuum supply to the vacuum 
advance unit. 

b. Intake manifold vacuum is then ported to the vacuum advance unit 
to fully advance timing for a few seconds. 

c. When idle conditions are approached, the deceleration valve 
switches from manifold vacuum to ported carburetor vacuum. 

d. Basic timing controls ignition during idle. 

6. What is the purpose of the dual diaphragm vacuum advance unit? 
Provide normal spark advance during normal driving and retarded spark 
durinn idle or deceleration. 

7. Discuss the operation of the dual diaphragm vacuum advance unit. 

a. Advance diaphragm is connected to a ported vacuum supply, the 
retard diaphragm is connected to a source of manifold vacuum. 

b. As the throttle valves ar^ u)ened the ported vacuum supply acts 
on tt'e advance" diaphragm and normal vacuum advance takes place. 

L. When the throttle valve is closed, there is no ported vacuum 
supply to the advance diaphragm but full intake manifold vacuum 
i^. applied to the retard diaphragm and spark timing is retarded, 
o Wriat is the purpose of the temperature sensing distributor control valve? 
Controls the source of vacuum to the dual diaphragm vacuum advance 
unit to prevent engine overheating when the engine is left idling for 
long periods of t: 
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Discuss the operation of the temperature sensing distributor control 
valve. 

a. When engine coolant temperature exceeds approximately 103''C(200''F) , 
the check ball is moved upward blocking off the ported vacuum 
supply to the advance diaphragm. 

b. At the same time full manifold vacuum is directed to the advance 
diaphragm. 

c. The increase in spark advance results in increased engine speed, 
coolant flow and fan speed and lowers engine coolant temperature. 

d. When temperature is lowered to a safe valve, the check ball is 
moved down, blocking off intake manifold vacuum. and redirecting 
ported carburetor vacuum to the advance diaphragm. 
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TRANSMISSION CONTROLLED SPARK SYSTEM 
UNIT 9 
TERMINAL OBJECTIVE 
After completion of this unit the student will be able to explain the 
purpose of the transmission controlled spark (TCS) system and explain the 
purpose of transmission controlled spark system components* The student 
will be able to perform a functional TCS system check. 

This will be evidenced through demonstrdtion and scoring 85% minimum 
on the unit test. 

SPECIFIC OBJECTIVES 
After completion of this unit the student will be able to: 

1. Write the purpose of the transmission controlled spark system. 

2. Write the purpose of each of the components in the transmission 
controlled spark system. 

3. Identify each of the components in the TCS system. 

4. Discuss in writing the operation of the TCS system. 

5. Derpopstrate the ability to: 

Perfonn a functional TCS system check. 
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TRANSMISSION CONTROLLED SPARK SYSTEM 
UNIT 9 
SUGGESTED ACTIVITIES 

I. Instructor 

A. Provide students with objective sheet 

B. Provide students with information and job sheet 

C. Make transparencies 

D. Discuss terminal and specific objectives 

E. Discuss information sheet 

F. Demonstrate and discuss procedures outlined on job sheets 
NOTE: There are many variations in TCS systems, it is suggested 

the instructor make up more specific job sheets depending 
on the makes and models of vehicles available to them. 

G. Give test 
II. Student 

A. Read objective sheet 

B. Study information sheet 

C. Demonstrate ability to accomplish procedures 

D. Take test 

INSTRUCTIONAL MATERIALS 
I. Included in this unit: 

A. Objective sheet 

B. Information sheet 

C- Transparency masters 

9-TM-l - TCj System Schematic - Engine Off 

9-TM-2 - TCS System - Cold Override and Time Relay Energized 
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9-TM-3 - TCS System - Low Gear Operation 
9-TM-4 - TCj System - High Gear Operation 
9-TM-B - Vacuum Advance Diagram TCS System 

D. Test 

E. Answers to test 
References 

1. 1973 Chevrolet Service Manual (contact local dealer). 

2. Echlin Manufacturing Co. Echlin Service Bulletin , March 1969-70; 
Feb. 1971. 

3. Gargano Promotions. Vehicle Emission Control , 12824 West Seven 
Mile Road, Detroit, Mich. 48235, Gargano Promotions (1973). 

4. Glenn, Harold T. Glenn's Emission Control Systems , Chicago, 
111., Henry Regnery Co., (1972). 
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TRANSMISSION CONTROLLED SPARK SYSTEM 
UNIT 9 
INFORMATION SHEET 

I. PURPli,;.!-. OF THE TRANSMISSION CONTROLLED SPARK SYSTEM - To extend the 
dovantayes of retarded timing and .educe emissions by the elimination 
of G isti'ibutor vacuum advance in ai'i year;^ except high gear. 
II. COMPO^JENTS OF THE TRANSMISSION CONTROLLED SPARK SYSTEM - TM-1 

A. Tci'ipei'dtur e Switch - Senses cooling system temp^erature and allows 

——J . ^ 

V6cuum advance when cooling system temperature is below 33°C(93°F). 
Above SS'^ClgS^F) the switch contacts are open and will not allow 
vacuum advance. 

NOTE: There are several different temperature switches. Refer 

to proper service or shop manual for vehicle application and 
specifications. 

B. Time Relay - Allows the vacuum advance solenoid to energize for 
approximately 20 seconds after the ignition switch is turned on 
allowing vacuum to the distributor vacuum advance unit. 

C. Transmission Switch - Remains open in all forward gears except 
high gear. When in high gear the switch is closed and distributor 
Vficuum advance is allowed. The switch is mechanically controlled 
on standard transmissions and hydraulically controlled on automatic 
transmissions. 

D. klle St op Solenoid - Prevents "dieseling" by allowing the throttle 
^''^ivE^s to close completely when the ignition switch is turned off 
and provides a predetermined throttle opening when energized. 
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E. Vacuum Advance Solenoid Valve - A two position valve that when 
energized allows the vacuum supply to reach the vacuum advance 
unit. When deenergized the vacuum supply is shut off and the 
distributor vacuum advance unit is vented to the clean air vent* 
This prevents the vacuum advance unit from being locked in an 
advanced position. 

OPERATION OF THE TCS SYSTEM - TM-1 

A. With the engine off and cold, the idle stop solenoid is deenergized 
and the solenoid plunger is retracted, the temperature switch is 

in the closed position, the time relay is in the closed position, 
the transmission switch is in the open position and the vacuum 
advance solenoid is deenergized. 

B. When the ignition switch is tur;ied on there are two circuits for 
energizing the vacuum advance solenoid and providing vacuum 
advance - TM-2. 

1. Through the time relay which will remain closed for 20 seconds 
after the ignition switch is turned on. 

2. Through the temperature switch which will remain clo:> . as ]ong 
as coolant temperature is below 33°C(93°F). 

C. When approximately 20 seconds have elapsed the time relay will 
open, breaking the time relay circuit and deenergizing the vacuum 
advance solenoid. 

D. When engine coolant temperature reaches 33°C(93°F) the ten,p3raturG 
switch contacts will open breaking the cold override circuit and 
deenergizing the vacuum advance solenoid. 
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While • vehicle is moving forward in the lower gears the trans- 
mission switch contacts are open and there are no complete circuits 
for energizing the vacuum advance solenoid. This prevents vacuum 
from reaching the vacuum advance unit and timing remains retarded - 
.TM-3. 

When the transmission is shifted into high gear, the transmission 
switch contacts close, completing the circuit and energizing the 
vacuum advance solenoid. This allows vacuum to the vacuum advance 
unit and allows normal vacuum advance TM--4. 
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TCS SYSTEM SCHEMATIC - ENGINE OFF 
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TCSSYSTEM-LOW GEAR OPERATION 
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TCS SYSTEM - HIGH GEAR OPERATION 
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VACUUM ADVANCE DIAGRAM TCS SYSTEM 
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TRANSMISSION CONTROLLED SPARK SYSTEM 
UNIT 9 

JOB SHEET #1 - FUNCTIONAL TEST OF TCS SYSTEM 
I. Tools required 

A. Timing light 

B. Tachometer 

C. Wheel blocks 

II. Procedure - (Turbohydromatic Transmissions) 

A. Block one wheel both for the forward position and reverse position 
(turbohydromatic transmission). 

B. Connect timing light and tachometer. 

C. With transmission in neutral and parking brake set start engine 
and allow it to come to normal operating temperature. 

D. Move transmission selector into drive. 

E. Increase engine rpm to approximately 1000 rpm. 

F. Check timing - there should be no vacuum advance. 

G. Shift transmission into reverse. 

\,. Che.:k timing - the^^e should be full vacuum advance. 

NOTE : These are BASIC PROCEDURES. Check the manufacturers service 
shop manual or technical manual for exact procedures and 
specifications for each make and model. 
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TRANSMISSION CONTROLLED SPARK SYSTEM 
UNIT 9 
TEST 

What is the purpose of the transmission controlled spark (TCS) system? 

Write the purpose of each of the components in the TCS system, 
a. 

b. 

c. 

d. 
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4. Discuss in writing TCS system operation. 



5. The student should demonstrate the ability to perform the following 
job to the satisfaction of the instructor: 
Perform a functional TCS system check. 
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TRANSMISSION CONTROLLED SPARK SYSTEM 
UNIT 9 
ANSWERS TO TEST 

!• What is the purpose of the transmission controlled spark (TCS) system? 
To extend the advantages of retarded timing and reduce emissions by the 
elimination of vacuum advance in all gears except high gear. 

2. Write the purpose of each of the components in the TCS system. 

a. Temperature Switch - To sense cooling system temperature and all 
vacuum advance when temperature is below 33°C(93°F). 

b. Time Relay - Allow vacuum advance solenoid to be energized for 
approximately 20 seconds after ignition switch is turned on. 

c. Transmission Switch - Remain open and prevent vacuum advance in all 
gears except high gear. 

d. Idle Stop Solenoid - Prevent dieseling by allowing the throttle 
valves to close completely when deenergized and when energized 
provide a predetermined throttle operning. 

e. Vacuum Advance Solenoid Valve - A two-position valve that when 
energized allows vacuum to reach the vacuum advance unit. When 
deenergized, the vacuum supply is shut off and the distributor 
vacuum advance unit is vented to atmosphere. 

3. Identify each of the components in the TCS system. 

a. Vacuum advance solenoid valve 

b. Transmission switch 

c. Teniperature switch 

d. Time relay 

e. Idle stop solenoid 
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Discuss in writing ICS system operation. 

a. When a cold engine is started, two circuits are completed for 
energizing the vacuum advance solenoid valve: 

1. The temperature switch completes one circuit. 

2. The time relay completes the other for 20 seconds after the 
ignition is turned on. 

b. After 20 seconds the time relay circuit deenergizes and when coolant 
temperature reaches SS^'Clgs^F) the contacts open deenergizing that 
circuit. The vacuum advance solenoid is then deenergized and no 
vacuum is supplied to the vacuum advance' unit. 

c. When the vehicle moves forward in the lower gears the transmi s:,ion 
switch contacts are open and the vacuum advance solenoid is deenergized. 

d. When the transmission is snifted into high gear the transmission 
switch contacts close, energizing the vacuum advance solenoid. 
This allows vacuum to be supplied to the vacuum advance diaphragm 
and permits normal vacuum advance. 
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ELECTRONIC SPARK CONTROL SYSTEM 
UNIT 10 
TERMINAL OBJECTIVE 

After completion of this unit the student will be able to explain 
the. purpose of the electronic spark control (ESC) system and explain the 
purpose of electronic spark control system components. The student will 
be able to perform a functional ESC system chack. 

This will be evidenced through demonstration and scoring 85% annimum 
on the unit test. 

SPECIFIC OBJECTIVES 
After completion of this unit the student will be able to: 

1. Write the purpose of the electronic spark control system. 

2. Write the purpose of each component in the electronic spark control 
system. 

3. Identify each of the components in the ESC system. 

4. Discuss in writing the operation of the ESC system. 

5. Demonstrate the ability to: 

Perform a functional ESC system test. 
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ELECTRONIC SPARK COr rRC. S/S FM 
UNIT 10 
SUGGESTED ACTIVITIES ^ 

I. Instructor 

A. Provide students with objective sheet 

B. Provide students with information and job sheets 

C. Make transparencies 

D. Discuss terminal and specific objectives 

E. Discuss information sheet 

F. Demonstrate and discuss procedures outlined on job sheets 

NOTE: Only an operational test is included in this unit. Further 
system checks should be conducted, but will require a shop 
service manual for the specific make and model to be tested. 

G. Give test 

II. Student 

A. Read objective sheet 

B. Study information sheet 

C. Demonstrate ability to accomplish procedures 

D. Take test 

INSTRUCTIONAL MATERIALS 
I. Included in this unit: 

A. Objective sheet 

B. Information sheets 

C. Transparency masters 
10-TM-l - ESC System 

D. Test 

E. Answers to test 

ErIc 17« 



References 

1. Gargano Promotions, Vehicle Emission Control , 12824 West Seven 
Mile Road, Detroit, Mich, 48235, Gargano Promotions (1973), 

2. Glenn, Harold T, Glenn's Emission Control Systems , Chicago, 111, 
Henry Regnery Co,, (1972), 
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firCTRONIC SPARK CONTROL SYSTEM 
UNIT 10 
INFORMATION SHEET 

1. PURPOSE OF ELECTRONIC SPARK CONTROL SYSTEM - To reduce hyurocarbons 
and carbon monoxide and NO^ emissions by operating with a retarded 
spark when outside air temperature is above 15^'C(60°F) and the vehicle 
is moving below a specified road speed, 
li. lOMPONENTS of the L:l;.TKONIC f^PARK CONTRC SYSTEM - "".-1 

A. Solenoid Vdcjjuni^ Con t^-'^l__Val_\^e - Located in the vacuum line between 
the carburetor and ihe distributor vacuum advance unit, '^.le valve 
IS nomially open allowing vacuum to reach the distributor vacuum 
advance unit and providing normal vacuum advance. When Ine LSC 

is activated, a control signal from the electron ' ampiifirr 
energizes the vacuum control valve solenoid and bli 'ks ^'ac rim to 
the distributor. 

B. Teriperet_ure__Swi tc_h - Located in a door pillar and uses a bime.;.ilic 
element to sense ambient air tempe»*dture. When air temperatures 
are above 15 C(60 F), the switch closes and energizes tfie electronic 
ai plirier. At temperatures below 9 C(49 F) the temperature switch 

opens . 

C. j'^'-r: b^tf.sor - Located in the speedometer cable and is a small 
'joneratuf*. As vehicle speed increases the speed sensor ge:ierates 
a ^ 'tage signal that is proportional to vehicle speed. This 

vu. aje sitjnal is sent to the electronic amplifier and the 

St' ngth of tne signal determines when the electronic amplifier 

ener'-nzes or aeenergizes tne soienoia in the vacuu^i control valve. 
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L ! i.'L tfo^' n. Arijjlnior^ - !s lov.-jlud uiidor' the instrunent panel and is 
♦ •ru.'r\; 1 .'t.'d : r'Oi;; t\\c tt:ri;..cr\i tii r^e switch wliur^. len.per'a tu i e ] jt)OV'..: 
1:^ L it.'U t' ; . WHt^ri tfii- ''in.il irou\ tfie S[)Gt'd -^ensor shows r^o \'eriuJe 
-..^tood , the 1 c.'Ctt'oni c ' i ^ ^ LUifipletes the ^^round cuxm't 
tne solenoid in the vacuui" control valve, enernizing the soler.oi'* 
vMid bloL,kin;j vMcuui'i to the va':uui!i advance unit. Dunnq acceler\i- 
tion at a ;u'e-.>et road speed, the vacuum control solenoid will r/j 
deef^L : '] i Jed and vacu'jii advance will be allowed. 
NOIL: There are several different electronic amplifiers, [acn 
nas a different speed cut in setting ranging froni 23 id-ih 
to 35 :':ph. Check the shop service nianiial for exact settings. 
LRATiir; uF Tr^L ESC SYSTLM 
»*<hen ai;L*iPnt air teii'perature is below apprixiinately 15"r(60''F), the 
te:iipera tur-e switcn remains open and che ESC system deenergized. 
Tne vav-iijr. control valve solenoid is deenergized and normal vacuum 
advance is allowed regard N?ss rf road speed. 

ii^i^n ai'i.]-ni air teiiiperdtur'es are abo e IL C(50 F), the temperature 

Switcn clcstjb and energiz'^s the el«-utronic amplifier. 

At roaJ s;jt(^.ls [jf}tweer^ 0 it.ph. and appro/ in, atel. 35 mph, the signal 

tr.L' :M'-''eea sensor, to the eh-.tromc amplifier causes the 
i-piili.'r^ to ^Muvrjizv^ the vaciiu;-^ control v.iive solenoid and block 
v.'i-.: to thL' di str^ : tauter vaouuir advance unit wnich results in 
ft' !" : '^ded soa f 1" t i ; ■ 1 r>' : . 

r'.f.en speed exceeds a ijprox i' :a te 1 y 35 mph, tne speed sensO'" signdl 
..-j.jses tnu ei-ctrunic atmplifier to deenergize the vacuui^i control 
;.;lv" s':!e':o:d and rv^rr^al vac-:/', advance occl.;'s. 

■. jr'^.rr; l' i tjr^a t i o r: , the vac.iji:. control valve solenoid is energized 
at uppr'O/ 1'. .1 tel / i-. miph and v.'Cjui:' 'is blockt/d to the vacuufii advance 
unit on tne distributor. 181 
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ELECTRONIC SPARK CONTROL SYSTEM 
UNIT 10 

JOB SHEET ,^1 - ESC OPERATIONAL TEST 

I. Tools required 

A. Vacu !m gauge with T fitting 
5. Two safety stands 

II. Procedure 

A Amb>ent air temperature should be above 18°C(65°F). 

B. Jacix up rear wheels and install safety stands. 

C. Connect vacuum gauge at distributor vacuum advance UM't. 

D. With the transmission in neutral, start the engine. 
^ The vacuum gauge should read zero. 

F, Shift the transmission into gear and accelerate slowly to 40 mph, 

G, Somewhere between app?*oximately 21 and 31 mph (depending on 
amplifier used) the vacuum gauge should read at least 6" Hg, 

H. Slowly start allowing the enqine to decelerate. 

I. Somewliere between 31 and 15 mph the vacuum gauge reading should 
drop to zero, 

J. Place transmission in neutral. 

K, Set engine up on fast idle (approximately 1500 rpm). 
L. Cool the thermal switch to below 90'^C(49°F), 
M. The vacuum gauge should have some reading. 

NOTE: These are BASIC PROCEDURES, Check the proper manufacturers 
technical or shop manual for exact procedures for each make 
and model . 
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ELECTRONIC SPARK CONTROL SYSTEM 
UNIT 10 
TEST 

What is the purpose of the electronic spark control system? 



Write the. purpose of each of the components in the ESC system 
a. 



b. 



c. 



d. 
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Discuss in writing ESC system operation. 



The student should demonstrate the ability to perform the following job 
to the sat-'sfaction of the inst'^L'Cior : 
Perform a fu-^.ctional ESC system check. 
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ELECTRONIC SPARK CONTROL SYSTEM 
UNIT 10 
ANSWERS TO TEST 

1. What is the purpose of the electronic spark control system? 

To reduce HC, CO and NO^ emissions by operating with a retarded spark 
when outside air temperature is below 15°C{60°F) and vehicle speed is 
below a specified road speed. 

2. Write the purpose of each of the components in the FSC system. 
(Main Points) 

a. Solenoid Vacuum Control Valve - To control carburetor vacuum to the 
vacuum advance unit. This determines whether spark will be retarded 
or advanced. When the valve solenoid is energized - no vacuum advance 
can occur. 

b. Temperature Switch - Provides power to the electronic amplifier when 
ambient air temperature is above IB^ClGO'^F). Located in door piUa^ 
to sense ambient air temperature. 

c. Speed Sensor - A small generator that develops a voltage signal 
proportional to vehicle speed. This signal is sent to the electronic 
amplifier and its strength determines when the solenoid on the 
vacuum control valve is energized or deenergized. The speed sensor 
is located in the speedometer cable. 

d. Electronic Am p l if ier - Energized from the temperature switch when 
ambient air temperature is above IS^CleO'^F). Between 0 and some 
preset speed the electronic amplifier energizes the solenoid on the 
vacuum control valve and blocks vacuum to the vacuum advance unit. 
Above a preset speed the vacuum control valve solenoid will 
deenergized and normal vacuum advance will be allowed. 
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Identify components of the ESC system. 

a. Speed sensor 

b. Temperature switch 

c. Electronic amplifier 

d. Solenoid vacuum control valve 
Discuss in writing ESC system operation. 

a. When ambient temperature is below 15°C(60°F). 

1. Temperature switch is open 

2. Eleccronic amplifier is deenergized 

3. Normal vacuum advance allowed 

b. Above 15°C(60°F). 

1. Temperature switch closed, electronic amplifier energized. 

2. Between 0 and 35 mph speed sensor signal causes electronic 
amplifier to energize solenoid on vacuum control valve. 

3. This blocks vacuum and results in retarded spark timing. 

4. When speed exceeds approximately 35 mph, the speed sensor signal 
causes the electronic amplifier to deenergize the solenoid on the 
vacuum control valve allowing vacuum advance to occur. 

5. At approximately 18 mph during deceleration the solenoid on the 
vacuum control valve is energized, again block*:ig off vacuum to 
the vacuum advance unit. 



189 



237 



EXHAUST GAS RECIRCULATION SYSTEM 
UNIT n 
TERMINAL OBJECTIVE 

After completion of this unit the student will be able to explain 
the purpose of the exhaust gas recirculation system and explain the purpose 
of exhaust gas recirculation components. The student will be able to 
visually inspect, test and service the exhaust gas recirculation system. 

This will be evidenced through demonstration and scoring 85% minimum 
on the unit test. 

SPECIFIC OBJECTIVES 
After completion of this unit the student will be able to: 

1. Write the purpose of the exhaust gas recirculation (EGR) system. 

2. Write the purpose of each of the components in the ported vacuum 
control EGR system. 

3. Write the purpose of each of the components in the venturi vacuum 
control system. 

4. Identify the components of both EGR systems. 

5. Identify the main parts of the EGR valve. 

6. Discuss in writing the EGR system operation. 

7. Demonstrate the ability to: 

a. Test EGR control system operation. 

b. Test EGR valve for proper operation. 
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EXHAUST GAS RECIRCULATION SYSTEM 
UNIT 11 
SUGGESTED ACTIVITIES 

I. Instructor 

A. PiT'ovide students with objective sheet 

B. Provide students with infcrmation and job sheets 

C. Make transparencies 

D. Discuss terminal and specific objectives 

E. Discuss information sheets 

F. Oen^onstrate and discuss procedures outlined on job sheets 

G. Give test 

II. Student 

A. Read objective sheet 

B. Study information sheet 

C. Demonstrate ability to accomplish procedures 

D. Take test 

INSTRUCTIONAL MATERIALS 
I. Included in this unit: 

A. Objective sheet 

B. Information sheet 

r. Transparency masters 

11-TM-l - Pcrted Vacuum Control EGR System 
ll-TM-2 - Venturi Vacuum Control EGR 
ll-TM-3 - Temperature Control Vacuum Valve 
ll-TM-4 - EGR Valve 
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Job bfieulN 

.^ lest LGk Valve for* f'r'op(M* (]perat. ion 
L. Test 

r. Answer's tu test 
kef e fences 

^ ' t^t jei'v ice Manual ( conlac t 1 cca 1 dea 1 er ) . 

Lfirysler- Corporation. 1973 Emi ssion Contro ls ^ Chrysler Corp., 
P. 0. Box 2119, Detr-oit, Mich. 48231, Attention C. G. Palus. 
Garcjano Promotions. Vj?j]j cj t>n^^^^ T324 West Seven 

Mile Road, Detroit, Mich. 48235, Garqano Pronotn. .-^ (1973 ). 



i \: ^ 'rr\f\ i 1 u\ jr!! ; \ 

runifolu. Thi:-> Jilulion oi Lfie tiir'-^\jel M'ixtur'e r'O^l.rjos ;.iOuk fl.v':c 
lr;i:i;>erM r.iwes durir.'j t'.oinhur.tion and reiJuces t,fie cniiount: ot oxrJfis 
fnlr'ojen \'-.0/^ in tiie exhaust. 

COMPONLNIS or THt: PORirD VACUUM COiiTROL CGS SYSTEM - 

A. LG_K Vdivt - Metor's or :.rujts ofr exhudst gas flov*; to the air-fuel 

side of the intake i;]-:in i tol d . 
ij. Intake ^-'dnifiJd - C'V-tains specially cast exhaust passd^jes that 

connect to f'fie Hitake- side of the manifold through the EGR va^ve. 
C. Carbur'(jtor' bvjnal Port - Located in the carburetor throttle body 

where it is e.vpuseo to ari increasing inamfold vacuum signal as the 

tnroitle blade opens. This signal controls the EGR valve. 
COMPJNlNTS :r.L VEfiTURI VACUUM CONTROL FG'- ^vsTEM - TM-2 
A. LGR Valve - '^'eters or Siiuts of^ exhaust , flow to the air-fuel 

side of rne intake fpanifold. 
U. intah.e ;-'afi]fold - Contains specially cusf exhaust passages tiiat 

conriL'L:. li} L^iL' intake' side of the iiianifold through the EGR valve. 
C. VL-riti^r , . ijfKil Tap - Provides a low I'npiitude vr^cuuin signal 

rro": s-u ',nr:),it i\ ■;. a rn)ur^utor venturi to Che amplifier unit. 

0. A:,,p M ! 1 '.-r - ,^r, w^Mkcr venturi vacuum signal to control tfie sLronner 
SidM I '^'^ ! I ;.n:jjf f'Mf is nec.led to ( ^^nlrn] the F.GR valve. 

1. ■ *j: :^t/'^i L if"" i. sn f r-j I 1 fjd Vd'^uut: Valve - i'M-3 - Prevents va .uufii from 

"I ' tMn-; trc /-iV-' jfifil radiri'or tan^ te;ii[jerd ture 
: >i jpr^j .*' Ui d l^'. I y i C { cO i' ; . 

UCiTi.: Ai.o founo dii sof:;e pfn^ted vacuufi; control EGR systofiis. 
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PORTED VACUUM CONTROL EGR SYSTEM 
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EXHAUST GAS RECIRCULATION SYSTEM 
UNIT 11 

JOB SHEET #1 - TEST EGR CONTROL SYSTEM OPERATION 

I. Tools required 
Tachometer 
II. Procedure 

A. Inspect all hose connections for looseness. 

B. Check for hardened or cracked vacuum hoses. 

C. Hook up tachometer. 

D. Start engine and allow it to come to normal operating temperature 
with transmission in neutral. 

E. Accelerate the engine to approximately 2000 rpm rapidly (do not 
exceed 3000 rpm) . 

F. During E, observe EGR valve stem for visible movement. 

G. If valve stem moves, the control system is functioning properly. 

NOTE: These are BASIC PROCEDURES. Check the manufacturers service 
shop manual or Ciichnical manual for exact procedures for 
each make and model . 
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JOB SHEET tfZ - TEST EGK '/ni.Vt: FOR PROPER OPERATION 

I . Tool s requ i red 

A. Vacuum gauge 

B. Tee connection 
II. Procedure 

A. Install vacuum gauge at EGR valve. 

B. With transmission in neutral, start engine and allow it to come 
to operating temperature. 

C. Accelerate engine quickly and observe vacuum gauge. Vacuum should 
increase as engine speed increases. 

D. At 3-4 inches of vacuum, the EGR valve should start to open. 

E. At 5 - 10 inches vacuum, the valve should be wide open. 

F. Disconnect vacuum gauge from EGR valve, 

G. Witn engine idling, connect manifold vacuum source to the EGR valve. 

H. The engine snould lose rpm, idle very rough and possibly stall. 
This step shows that the EGR passages are clear and not plugged. 

NOJE: These aro BASIC PROCEDURES. Check the manufacturers service 
shop manual or technical manual for exact procedures for 
each make and model . 
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5. Discuss in writing the EGR system operation. 



7. Tf)c student should demonstrate the ability to perform the following 

to the satisfaction of the instructor: 

a. Test control system operation. 

b. Test LGR valve for proper operation. 



2 () j 
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EXHAUST GAS RECIRCULATION SYSTEM 
UNIT 11 
ANSWERS TO TEST 

1. What is the purpose of the EGR system? 

To supply in proper proportion inert exhaust gas to tlio -nr-fuel 
mixture in the intake manifold. Dilution of air-fuel mixture lowers 
peak flame temperatures during combustion and reduces the amount of 
oxides of nitrogen (NO^) .in the exhaust. 

2. Write the purpose of each component in the ported vacuum control 
EGR system. 

a. EGR Vafve - Meters or shuts off exhaust gas flow to the air-fuel 
side of the intake manifold. 

b. ^ntlkej'llanifold - Has specially cast passages. 

c. Carburetor Sicjnal Port - Located in the carbui^etor throttle body 
v;here it is exposed to an increasing manifold vacuufii signal as the 
throttle blade opens. This signal controls the EGR valve. 

3. Write the [)ur|)o':e of each of the components of the venturi vacuum 
control LGR system. 

rj. [GR Valve - Meters or siiuts off exfiaust (jas flow to the air-fuel 

side of the intake manifold, 
b. Intake Mariifold - Contairis s|jecially cast, e/tiaust passages that 

connect to the intake side of the manifold tfirough the EGR valve. 
(... Venturi Va'.uuiii Mgrwil ffij) - Rrf)vides a low amplitude vacuum signal 

fr(;i:i t\vj tfirorit of trnj car(;ijretor v"rit,iiri U) ttie amplifier unit. 

d. Aiii[) I 1 f i«M' (J'.cs vji'<\h:f venturi V(jcuijfii signal to control the 
stf^o/' j'-r- i f '/ Id V'lMJum is needed to control thf U.i' v.ilve. 

o 
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b. When radiator top tank temperature exceeds approximately 1 e^'CleOT) , 
vacuum can reach the EGR valve. 

c. As engine speed is increased and approximately 3-5 inches of 
vacuum is felt at the carburetor signal port, the EGR valve begins 
to open. 

'; This allows exhaust gas to mix with and dilute the incoming air-fuel 
mixture. 

e. The dilution lowers the peak flame temperature of combustion and 
reduces NO^ emissions. 

f. As acceleration is increased, the manifold vacuum felt at carburetor 
signal port increases and at between 5-8 inches of vacuum, the 
maximum flow occurs through the EGR valve. 

g. At wide open throttle the manifold vacuum drops below the minimum 
vacuum to open the EGR valve and no exhaust gas recirculation takes 
place. 

h. At idle, the throttle blade position is below tho carburetor signal 
port and no exhaust gas recirculation takes place. 
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POSIT IVL CKANKCASl" VI.NTILATION SYSTEMS 
UNIT VI 
TERMINAL OBJECTIVE 
At Eer coiiip I cE ion of Ehi'^ unit Eho student will bo able to explain the 
piirpo^je of Elie positive crankcaso ventilation (PCV) system and explain 
tlie pur[)ose of tlie open and closed I^CV system components. The student 
will be able to visually inspect, test arid service a PCV systefii. 

This will be evidenced tlirouyh demonstratioii and scoring 85',,. minimum 
on tht^ unit test. 

SPECIFIC OBJECTIVES 
After com[)]etior] of tliis unit tlie student will be al)le to: 
1. Write Elie [)ur[Jose of tlie po'it. iv«. crankcase ventilation (PCV) systeii 
?, Write.' the [)ur[Jose of c.n.li ( (jmponent of the oi)en PCV syst(?ni. 
3. Write the [purpose of each Lt;i(iptMi(;nt of the closed IM^V system. 
-1. Identify the parts of l)oLli IM:V systems. 
S. Id(MiEify Lhe [)rirLs ol IJie IM;V valve. 

b. Ex[)l.nn how Lhe PCV v<i1n/{' is controlled and identify valv(? position 

duriruj v<irious modes of erKjirie {)p(?r<it ion. 
/. Demonstrate Lhe al)iliLy Lo : 

<i . I^erform (jc.TierM I L(»sL of PCV sysLem. 

b. lesL PCV sy'.Lt.Mii opera L ion wiLli Lac Jioiiie Lcjr . 
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POSITIVE LRANKCASE VENTILATION SYSTEMS 
UNIT 12 
SUGGESTED ACTIVITIES 

I. Instructor 

A. Provide students with objective r.heet 

B. Provide students with information and job sheets 

C. Make transparencies 

D. Discuss terminal and specific objectives 

E. Discuss information sheets 

F. Demonstrate and discuss procedures outlined on job sheets 

G. Give test 
II. Student 

A. Read objective stieet 
R. Study information sheet 

C. Demonstrate ability to accomplish the procedures 

D. Take test 

INSTRUCTIONAL MATERIALS 

I. Included in this unit: 

A. Objective sheet 

B. Information sheet 

C. Transparency masters 
12-TM-l - Open PCV System 
12-TH-2 - Closed PCV System 
I2-TM-3 - PCV Valve Componerits 
12-TM-^ - PCV Valve Positions 
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D. Job sheets 

1, General Test of PCV System 

2. Testing PCV Operation 

E. Test 

F. Answers to test 

References 

1. [irysler Corporation. 1973 Emission Controls ^ Chrysler Corp,, 

P. 0. Box 2119, Detroit, Mich, 48231, Attention C, G, Palus, 

2. Gargano Promotions, V ehicle Er r.i ssion Control , 12824 West Seven 

Mile Road, Detroit, Mich, 48235, Gargano Promotions (l973), 

3, Glenn, Harold T. Glenn's Emission Control Systems , Chicago, 111, 
Henry Regnery Co, , (1972), 

4, Patterson, D, J, and Henein, N, A, Emissions from Combustion 
E ngines and Their Control , Ann Arbor Science Publishers, Inc, 
Ann Arbor, Mich, (1973), 

b. Motor's Emission Control Manual , by Joe Oldham and Lou Forier, 
Motor, New York, N. Y, 



15 



269 



POSITIVE CRANKCASE VENTILATION SYSTEMS 
UNIT 12 
INFORMATION SHEET 

I. PURPOSE OF THE PCV SYS'*V - To reduce hydrocarbon emissions to the 
atmosphere as well as oi i dilution and sludge formation in the crank- 
case. This is done by directing blowby gases in the crankcase back 
to the combustion chamber to be consumed in the normal combustion 
process. 

II. COMPONENTS OF THE OPEN PCV SYSTEM - TM-1 

A. Ve nted Oil Fil 1 er Cap - Allows outside air to be drawn into the 
crankcase. 

B. PCV Valve - Meters the flow of blowby gases in the crankcase back 
to the intake manifold. 

III. COMPONENTS OF THE CLOSED PCV SYSTEM - TM-2 

A. Non-Ven ted (sealed ) Oil Filler Cap - Prevents escape of blowby gases 
back to atmosphere during heavy acceleration. 

B. S e a 1 e d D i pstick Cap - Prevents escape of blowby gases back to 
atmosphere during heavy acceleration. 

C. Air Intake Hose - Allows fresh air to enter crankcase from the air 
cleaner (can be from either the clean side or dirty side of air 
cleaner) and dur^iq heavy acceleration forces any blowby (jases that 
may back up to be mixed with the air entering the carburetor. 

D. PCV Valv e - Meters the flow of blowby gases in the crankcase back 
to the intake mani fold . 

IV. COMPONENTS OF PCV VALVE - TM , 

A. Body 

B. Plunger 

C. Spring 

ERIC 



PCV VALVE CONTROL AND OPERATION - TM'4 

A. With the engine shut off or during engine backfire the PCV i in 
the closed position. 

B. During low speed or idle conditions (high manifold vacuum) the 
plunger is pulled against spring tension to the extreme forward 
posi tion. 

C. In this position flow is restricted to the intake manifold but 
not stopped. 

D. Manifold vacuum decreases as engine speed increases which allows 
the spring to force the plunger to a mid position where maxiinum 
flow can occur. 
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OPEN PCV SYSTEM 
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CLOSED PCV SYSTEM 
. 



FRESH AIR 
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PCV W.VE COMPONEWrS 
( \ 
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PCV VALVE POSITIONS 
ENGINE OFF OR BACKFIRE 

VALVE BODY- 

SPRING 



PLUNGER 
OR VALVE 



CLOSED 




r 



IDLING OR LOW SPEED 




PARTIALLY OPEN 



ENGINE HIGHER SPEED 




MAX FLOW 
POSITION 
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POSITIVE CRANKCASE VENTILATION SYSTEMS 
UNIT 12 

JOB SHEET #1 - GENERAL TEST OF PCV SYSTEM 

I. Tools required 

Hand tools as needed 
II. Procedure 

A. Remove PCV val ve. 

B. Shake PCV valve - clicking noise should be heard. 

C. Reinstall valve in hose leading to intake manifold. Leave other 
end of PCV valve disconnected. 

D. Start the engine - A distinct hissing noise should be heard. 

E. Place finger over the end of the PCV valve, a strong vacuum should 
be felt. 

F. Reinstall PCV valve. 
6. Remove oil f il ler cap. 

H. Hold a piece of fairly heavy paper next to the opening (it should 
be drawn down against the opening with noticeable force). 

I. Reinstall oil filler cap. 
J. Shut off engine. 

The preceding results show that the PCV valve is operating and the 
system hoses are clear. 



NOTE: These are BASIC PROCEDURES. Check the manufacturers service 
shop manual or technical manual for exact procedures ^or 
each make and model . 

9 % 
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JOB SHEET r^2 - TESTING PCV SYSTEM OPERATION WITH TACHOMETER 



I. Tools required 
Tachometer 
II. Procedure 

A. Connect tachometer to the engine. 

B. Start the engine. 

C. Clamp off the hose between the PCV valve and the intake manifold. 

D. If the system is operating correctly, a drop of 40-80 rpm will be 
seen on the tachometer. 

E. No change in rpm indicates a sticking PCV valve or plugged hoses. 

F. A drop in engine rpm in excess of 80 rpm, indicates that the 

r 

wrong PCV valve for that engine has been installed. 



NOTE: These are BASIC PROCEDURES. Check the manufacturers service 
shop manual or technical manual for exact procedures for 
each make and model . 
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POSITIVE CRANKCASE VENTILATION SYSTEMS 
UNIT 12 
TEST 

1. What is the purpose of the positive crankcase ventilation (PCV) 
system? 



2. Write the purpose of each component of the open PCV system. 



n 9 7 
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3. Write the purpose of each component of the closed PCV system, 
a . 



b. 



c. 
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4. Identify the parts of both PCV systems 




c. 

O 
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Explain how the PCV valve is controlled and identify valve position 
during various modes of engino operation. 




Engine operating mode 
Valve position 




Engine operating mode 
Valve position 




Engine operating mode 
Valve position 
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POSITIVE CRANKCASE VENTILATION SYSTEMS 
UNIT 12 
ANSWERS TO TEST 

1. What is the purpose of the positive crankcase ventilation (PCV) 
systeiTi? 

Reduce hydrocarbon emissions to atmosphere as well as oil dilution 
and sludge formation in the crankcase. This is done by directing 
blowby gases in the crankcase back to the combustion chamber to be 
consumed in the normal combust'lon process. 

2. Write the purpose of each component of the open PCV system. 

a. Vented Oi 1 Fi 1 ler Cap - Allows outside air to be drawn into the 
crankcase. 

^' PC V Valve - Meters flow of blowby gases back to intake manifold. 

3. Write the purpose of each component of the closed PCV system. 

^- N on-Ve n ted Oil Fill er Cap - Prevents escape of blowby gases I'ack 
to atmosphere during hard acceleration. 

b. S ealed Dipstick Cap - Same as a. 

Air Intake Hose - Allows fresh air to enter crankcase from the dirty 
or clean side of air cleaner and during hard acceleration forces 
any blowby gases that may back up to be mixed with the air entering 
the carburetor. 

FJLy.J(i?JL^ " Meters the flow of blowby gases in the crankcase back 
to the intake manifold. 

4. Identify the parts of both systems, 
a . Vented oil filler cap 

PCV valve 

o 233 . 
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4. (Continued) 

a. Non-vented oil filler cap 

b. Sealed dipstick cap 

c. Air intake hose 

d. PCV valve 

5. Identify the parts of the PCV valve. 

a. Body 

b. PI unger 

c. Spring 

6(a). Explain how the PCV valve is controlled. 

a. With the engine shut off or during engine backfire the PCV is in 
the closed position. 

b. During low speed or idle conditions (high manifold vacuum), the 
plunger is pulled against spring tension to the extreme forward 
posi lion. 

L. In Lhi:: position flf(W is restricted to the intake manifold but not 

<1. f'uHiifi/ld vacuum decreases as engine speed increases which allows 
tfK' si-ritig Lu force the plunger to a mid position where maxii;.um 
flow '..in occur. 

f^(h). iduriLify valve position wi ifi fiiode of encjine operation. 

Of I ur fJur in() backfire 
i^i r' f i '1 1 I / (jpened 
1. iwr 1 d I .(^ueds 

''Hi/ I i 

ft 1 j ft'jf ^■n'■j 1 ni' speeds mo i 
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AIR INJECTION SYSTEM 
UNIT 13 
TERMINAL OBJECTIVE 

After completion of this unit the student will be able to explain the 
purpose of the air injection system and explain the purpose of air injection 
system components. The student will be able to visually inspect, test 
and service the air injection system. 

This will be evidenced through demonstration and scoring 85% minimum 
on the unit test. 

SPECIFIC OBJECTIVES 
After completion of this unit the student will be able to: 

1. Write the purpose of the air injection system 

2. Write the purpose of each of the components of the air injection 
system. 

3. Identify the components of the air injection system. 

4. Identify five main parts of the air pump. 

5. Identify the components of the diverter valve. 

6. Discus'^ in writing how the diverter valve prevents backfire in 
the exhaust system. 

7. Demonstrate the ability to: 

d. Inspect air manifold and hoses. 

b. Inspect drive belt and set correct tension. 

c. Check air pump output. 

d. Check diverter valve operation. 

e. Inspect check valve operation. 

< ) * ) r; 
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AIR INJECTION SYSTEM 
UNIT 13 
SUGGESTED ACTIVITIES 

Instructor 

A. Provide students with objective sheet 

B. Provide students with information and job sheets 

C. Make transparencies 

D. Discuss terminal and specific objectives 

E. Discuss information sheets 

F. Demonstrate and discuss procedure outlined on job sheets 

G. Give test 
Student 

A. Read objective sheet 

B. Study information sheet 

C. Demonstrate ability to accomplish the procedures 

D. Take test 

INSTRUCTIONAL MATERIALS 

Included in this unit: 

A. Objective sheet 

B. Information sheet 

C. Transparency masters 

13-TM-l - Air Injection System 

13-TM-lA - Air Injection Tube In Exhaust Port 

13-TM-2 - Air Pump Components 

l3~TM-3 - External Muffler Type Diverter 

13-TM-4 - Check Valve Assembly 

U 3 0 



D. Job sheets 

1. Inspect Air Manifold and Hoses 

2. Drive Belt Inspection and Setting 

3. Testing the Air Pump 

4. Checking Diverter Valve Operation 

5. Checking Check Valve Operation 

E. Test 

F. Answers to test 
References 

1. Chrysler Corporation. 1973 Emission Controls , Chrysler Corp., 

P. 0. Box 2119, Detroit, Mich. 48231, Attention C. G. Palus. 

2. Gargano Promotions. Vehicle Emission Control , 12824 West Seven 
Mile Road, Detroit, Mich. 48235, Gargano Promotions (1973). 

3. Glenn, Harold T. Gle nn's Emiss io n Control Sy stems, Chicago, 111. 
Henry Regnery Co., (1972). 

4. Patterson, D. J. and Henein, N. A. Emiss ions from Combustion 
Engi nes. and Th eir Con trol, Ann Arbor Science Publishers, Inc., 
Ann Arbor, Mich. (1973). 

5. Motor ' s Ejin>jji_q/i^^^^ by Joe Oldham and Lou Forier, 
Motor, New York, N. Y. 
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AIR INJECTION SYSTEMS 
UNIT 13 
INFORMATION SHEET 

I. PURPOSE OF THE AIR INJECTION SYSTEM - To supply additional oxygen at 
the exhaust ports in the vicinity of the exhaust valves and thereby 
extend the combustion process into the exhaust system which leads to 
a reduction in unburned hydrocarbon and carbon monoxide emissions, 
II. COMPONENTS OF THE AIR INJECTION SYSTEM - TM-1 

A. Air Pump - Supplies filtered low-pressure air to the system. 

B. Diverter Va lve - Diverts air pump output to atmosphere during 
deceleration to prevent backfire and has a built-in pressure 
relief valve to protect the system. 

C. Check Valve - Prevents hot exhaust gases from backing up into the 
hoses and pump. 

D. Manifold - Distributes air to each cylinder. 

E. f^^^ Nozzjj^s - Injects air to each exhaust passage in the near 
proximity of the exhaust valves - TM-1 A 

F. K ^ I P oj^d V a c u u m Si g n a 1 Line - Senses manifold vacuum to actuate 
the diverter valve. 

III. COMI uiflTS OF AIR PUMP - TM-2 
. -'J sing 
[i. CenLri furjdl f i 1 ter 
C. Vane^ {?) 
h. kolor 

[: . Soa I s ( Z [jer vaiu.' ) 
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IV. COMPONENTS OF DIVERTlK VALVE - TM-3 

A. Air outlets 

B. Air inlet 

C . Pressui^e re I i ef va 1 vc 

U. Mdnifold v'acuijm siynal lino connection 
L . Diaphrayifi assembly 

F . D i verted a i r outlet 

G. Meter* i ncj va 1 ve 
V. CHECK VALVE - TM-4 

A. Check valve 

B . C fleck va 1 ve body 

C. Check valve spring 

VI. OPLkATlUN OF TflE DIVERTER VALVE - TM-3 

A. Durififj normal uperdtion the pump d i sclkirye enters the diverU-r 
valve, [^assei, by the meterinfj valve and is discharged to Lh(.' 
a i r man i f'ol d . 

li. Uur'ing dece I e-ra t ion , Llie carburetor tlirxjttle valves ar(? nearly 

closed causing a rich air-fuel mixture and higli manifold vacuuf. 

i n tilt' 1 D La kc iiidtii fo 1 d . 
C. riiis ri(.h mi/Lure will not undergo compleLe coiiitnjs L ion ..uul v/i I I 

.illov; iiw e;<(.e .s i ve I y rich mixture in tlie exhaust sysLem. 
'I. I he* Liir supijlied Ijy the air pump will |jr"(jvide enough (jxygr-ii \f> 

igniLe (,his r'icli mixture and cause ri l)fickfin'. 
I. [lie div(M'Ler valve si-nses the high intah? ifianifold v.jcuum fhroijgf' 

LIm' s i grid I 1 i nf.* r,(nine(, L ion . 
I . 1 M 1 s ptj 1 I Up d I (ipfif.ifjiii ,1 '/jMiib I y wh I f h I fi f tirn r.i i ,i'S ♦ fi" 

iiKMj.Ttfig Vdlvf ljl(>ckifig off Llie ouLlcf <ifid upening t[if|MM! 

Lit'' d i vcr'Led a i r (ju 1 1 e t , 

erIc -'^'» 
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AIR INJECTION TUBE IN EXHAUST PORT 
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AIR PUMP COMPONENTS S OPERATION 
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EXTERNAL MUFFLER TYPE DIVERTER 
^ ~ \ 



OUTLETS 



INLET 



METERING 
VALVE 



SIGNAL LINE 
CONNECTION 



PRESSURE 
RELIEF 
VALVE 




DIVERTED 'AIR 
OUTLET VALVE 



DIAPHRAGM 
ASSEMBLY 
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CHECK VALVE ASSEMBLY 
_ 



CHECK VALVE 
SPRING 




HECK VAIVE 



CHECK 
\#\LVE BODY 
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AIR INJECTION SYSTEM 
UNIT 13 

JOB SHEET #1 - VISUALLY INSPECT AIR MANIFOLD AND HOSES 

I. Tools required 

Hand tools as needed 
li. hrocedure 

A. Inspect air manifold for holes and fractures. 

B. Inspect hoses for cracks, deterioration, holes and routing 
(no kinK-j or sharp bends). 

C. Inspect and check all hose and manifold connections for tightness. 
NOTE: Soapy water can be used to check connections on pressure 

side of system. 

CAUTION: DO NOT GET ANY WATER NEAR A TWO VANE PUMP 

CENTRIFUGAL FILTER. THIS CAN DESTROY THE PUMP. 



NOTE: These are BASIC PROCEDURES. Check the manufacturers service 
shop manual or technical manual for exact procedures for 
each make and model . 
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JOB SHEET §2 - INSPECT DRIVE BELT AND SET CORRECT TENSION 

I. Tools and Equipment 

A. Hand tools as needed 

B. Pry bar 

C. Bel t tension gauge 
II. Procedure 

A. Turn belt over and visually inspect for wear, cracks and deteriora- 
tion. Replace if necessary. 

B. Check appropriate service manual for correct belt tension setting. 

C. Usingbelt tension gauge, ^eck belt tension. 

D. If tension of belt must be reset, loosen appropriate bolt(s). 

E. Pry against rear cover only to establish proper belt tension. 

F. Tighten bolt(s) loosened in D. 

NOTE: These are BASIC PROCEDURES. Check the manufacturers service 
shop manual or technical manual for exact procedures for 
each make and model . 



248 

o 

ERIC 



JOB SHEET n - CHECKING AIR PUMP OUTPUT 



I. Tools required 

Hand tools as needed 
II. Procedure 

A. Loosen clamp and remove one outlet hose. 

B. Start the engine. 

C. Check the air flow from the outlet. 

D. Accelerate engine to approximately 1500 rpm. Air flow should 
increase as engine speed increases. 

E. If air flow does not increase, check for air flow out of the 
diverter valve muffler. 

F. Shut off engine. 

G. Reconnect hose. 

H. Tighten clamp. 

I. Start engine and check for air leaks on reconnected hose. 

NOTE: These are BASIC PROCEDURES. Check the manufacturers service 
manual or technical manual for exact procedures for each 
make and model . - 
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JOB SHElT - CHECK UIVtRTER VALVE OPERATION 

L Tools required 

Hand tools as needed 
IK Procedure 

A. Warm engine to operating temperature. 

B. Disconnect vacuum signal line at diverter valve and check for 
vacuum by placing finger over the end of the line, 

C. Reconnect the vacuum signal line. 

D. Check diverter valve muffler for escaping air, (there should be 
none) . 

NOTE: If air is escaping, check all lines for kinks and/or bends 

that may be restricting air flow causing the pressure relief 
valve to open. 

E. Place hand by diverter valve muffler and quickly open and then 
close the throttle. A blast of air should come out of the muffler 
for approximately one second. 

F. If blast of air is felt, valve is operating satisfac orily. 

NOTE: These are BASIC PROCEDURES. Check the manufacturers service 
shop manual or technical manual for exact procedures for 
each make and model . 
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JOB SHEET #5 - INSPECT CHECK VALVE OPERATION 



I. Tools required 

Hand tools as required 
II, Procedure 

A. Disconnect nose going to check valve. 

B. Remove check valve from air manifold. 

NOTE: 5e careful not to twist or bend the air manifold. 

C. Blow through the check valve (in direction of air flow) and then 
try to dr^.in back (flow should be in one direction only). 

D. Reinstall check valve in manifold. 

E. Reconnect and tighten line to check valve. 



NOTE^: These are BASIC PROCEDURF.S. Check the manufacturers service 
shop manual or tecitnical manual for exact procedures for 
each make and model 
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AIR INJECTION SYSTEM 
UNIT 13 
TEST 

1. What is the purpose of the air injection system? 



2. Wfite the purpose of each of the components of an air injection system, 
a. 



b. 



c. 



d. 



e. 



f. 
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How does the diverter valve prevent backfire in the exhaust system? 



The student should demonstrate the ability to perform the following 
jobs to the satisfaction of the instructor: 

a. Inspect air manifold and hoses. 

b. Inspect drive belt and set correct tension. 

c. Check air pump output. 

d. Check diverter valve operation. 

e. Check the check valve operation. 
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AIR INJECTION SYSTEM 
UNIT 13 
ANSWERS TO TEST 

1. What is- the purpose of the air injection system: 

To supply additional oxygen at the exhaust ports in the vicinity of 
the exhaust valves and thereby extend the combustion process into 
the exhaust system which leads to a reduction in unburned hydrocarbon 
and carbon monoxide emissions. 

2. Write the purpose of each of the components of an air injection system. 

a. Air Pump - Supplies filtered low pressure air to the system. 

b. Diverier Valve - Diverts air pump output to atmosphere during 
deceleration to prevent backfire and has a built-in pressure 
relief valve to protect the system. 

c. Check Valve - Prevents hot exhaust gases from backing up into the 
hoses and pump. 

Air Manifold - Distritjles air to each cylinder. 
^- /\LCiiozzl es - Injects air to each exhaust passage in the near 

proxinn'ty of the exhaust valves, 
f. Mani fold Vacuum Signal Line - Senses manifold vacuum to actuate 
diverter valve. 

3. Identify the components of the air injection system. 

d. Air pump 

b. Oiverter valve 

c. Check valve 

d. Air manifold 

e. Air nozzles 

f. Manifold vacuum signal line 
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Hov/ does the diverter valve prt-vent backfire in the exhaust systefTi'f' 

a. During normal operation the pump discharge enters the diverter 
valve, passes by the metering valve and is discharged to the air 
manifold. 

b. During deceleration, the carburetor throttle valvo^. are nea^^lj 
closed causing a rich air-fuel mixture and high manifold vacuum 
in the intake manifold. 

c. "^his rich mixture will not underqo complete combustion and will 
allow an excessively rich mature in the exhaust system. 

d. The air supplied by the air pump will provide enough oxygen to 
ignite this rich mixture and cause a backfire. 

e. The diverter valve senses the high intake manifold vacuum ttirough 
the signal line connection. 

f. This pulls up the diaphragm assembly which in turn raises the 
metering valve blocking off the outlet and opening the port to 
the diverted air outlet. 




CATALYTIC CONVERTER SYSTEMS 
UNIT 14 
TERMINAL OBJECTIVE 



After completion of this unit the student will be able to explain 
the purpose of catalytic converters and explain the systems and components 
needed to protect the catalytic converters. 

This will be evidenced by scoring 85/'. minimum on the unit test. 

SPECIFIC OBJECTIVES 
After completion of this unit the student will be able to: 

1. Write the purpose o; catalytic converters. 

2. Identify and give the function of catalytic converter coffiponents. 

3. Write the purpose of catalytic converter protection systerir^. 

4. List the components of a catalytic converter protection systoifi. 
[). ^^plain the operation of a catalytic converter protection syitom. 
G. Wr iLo the purpose of heat shields. 

/. Writo the reason for the u^e of non-leaded fuels in catalytic 
converter e(juipped cars. 
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CATALYTIC CONVERTER SYSTEM 
UNIT 14 
SUGGESTED ACTIVITIES 

Instructor 

A. Provide students with objective sheet 

B. Provide students with information sheets 

C. Make transparencies 

D. Discuss terminal and specific objectives 

E. Discuss information sheets 

NOTE: It is suggested that the instructor make up job sheets 
according to the specific make and model of vehicle 
available t.o the shop. 

F. Give test 
Stud(?nL 

A. Read object i stu.'oL 

B. Study inforiiiat ion stuM.'t 
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D. Test 

E. Answers to test 
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CATALYTIC CONVERTER SYSTEM 
UNIT 14 
INFORMATION SHEET 
PURPOSE OF CATALYTIC CONVERTERS - TM-1 

To speed up the oxidation of hydrocarbons and carbon monoxide v/iiich 
results in the liydrocarbons (IIC) being converted to water (H,/J) and 
the carbon iiiunoxide (CO) beiny converted to carbon dioxide (CO^), 
CATALYTIC CONVERThR COMPONENTS - TM-2 

A. Stainless Steel Sliell - Houses the oxidizing bed or catalyst, 

H. Catalyst - lieads or a (K)rous material called a monolith, ttujt are 

uither d 1 uiii i nuiii or cr^rfiiiiic and are (,oated witti a catalytic agent 

corr.istinn of p^i 1 1 ad ium and (jlatinuiii. These serve t(; speed ttu.* 

oxi(Ja(, ion (;f hy(h'(j(.'irb(;fis and cdrbon i;i(;nox idf.'. 

NOll: lord .ind f.firyJtM- arc usirnj m(jn(;lilhi(: elcMiients, (W'nerMi 
Motors i s us i ng |j<Mds (jr' pe 1 I cts . 

',t<iinl("/, SLf'j'l - MrMJ'.cs tJic iiionolithir, elciiKMiLs .kkI <i(.t,s 

,1 t\ f, ij'Ji ) oil f o pr'o (.(.'( J, t fie ' ' 1 ( 'inrMi ts f rom daiiiiMjc . 
1). I |{jw OiMuscr ■ 'gjr'e,i(i', uijt. (Jic e/[i,iu',t. f lov/ to give a iiior'i* even 

I I <)vi t.hi fjijgfi \ li< ' mono 1 i IJi n. e I < Mii"n ( . 
i. Aii.i ly/er' Aof I'S', Plug lj^.it,c(l ihe.td (jf IJic f I ov; d i f I lisr-f -ind 

i,af..il/'i( elcMicnl. 1,0 -ilhjw till' ij'.e o! fin inlr.i ?eg c/li'iU'M 'iiial//< 

dm 1 ii'i 1 uniMj j , 

I'lJIM'oS, 01 ( A I Al / IK, D.'iV IM 11^ I'l^O 1 1 - I I UN r M I K . la \n i 

' .1 1 .1 I / 1 f oi!i (r/<*r h<',) I 1 iM J ,i nd d^iMiJ-jc i ,i II / lur I pei o^g , ( j i 

gc (• i.-r ,ii , 



I , . f,. r . • ; ; , 1 ;iM I 1 r f/Ci t.lh.- ^ 1 '■(. f f 'jii i ^ '.w i t,, f , 

, , ' /,.f, I , ! f . ■ t fir M I f ■ I f-Mi't (, 1 (r, 1 fi'j tii'yfjrid 1 i ' [^O i fi I 
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VI. PURPOSE OF HEAT SHIELDS - TM-4 - To ocntect components and body areas 
such as passenger compartment, tri" ,. : chassis parts from damage 
that could be caused by the high catalytic converter temperatures. 
NOTE: Catalytic converters oper, .,, between 752"C(1400°F) and 

862°C(1600°F) under nori'.a conditions. 
VII. REASON FOR THE USE OF NON-LEADF' rUELS ONLY - TM-5 - To prevent the 
coating of the catalyst with tfi' tetraethyl lead (TEL) found in 
leaded fuels. If leaded fue"'^ dee used, the catalyst is coated with 
lead and this deactivates the catalyst inakiir, eplacement necessary. 
NOTE: Beginning in 1975 aP < ; j using rjtalytic converters will 

have a smaller fuel Ijnk nlet '.. n-, will only accept the 

snidllfjr, lead-free go; f^.e. ,")^2')S. 
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EXHAUST SYSTEM WITH CATALYTK: CONVERTER 




EXHAUST PIPE 





TAIL 'PIPE 
AND RESONATOR 



TIC 
CONVERTER 
ASSEMBLY 
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CATALYTIC CONVERTER COMPCh :NTS 



STAINLESS STEEL SHELL 



FLOW DIFFUSER 




STAINLESS 
STEEL MESH 



HONEYCOMB^MONOLITH 
PLATINUM AND PALLADIUM CATALYST 




. ANALYZER ACCESS FITTING AND PLUG , 

V ' 
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TM-2 



CATALYST PROTECTION SYSTEM 



r 



BALLAST RESISTER 



ELECTRONIC 
CONTROL UNIT 



THROTTLE 
POSITION 
SOLENOID 




ELECTRONIC 

SPEED 
SWITCH 



IGNITION SWITCH 



TO BATTERY 




BATTFRY 



HEAT SHIELDS 




'I 



UNLEADED FUEL FILLER INLET 
f 

UNLEADED FUEL NOZZLE 
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7. What is the reason for using r-^^^^-U '^:d fu.^U. on^;^ cati'vf. 
converter eauipped cars? 
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L.ATAL.Yl IC COiNVLRTF.R SYSTEM 
ANSWEI!S lO TL: 

(Main Poii.ts) 

1. What is the purpose of c.^'-al^cic converters? 

To speed up the oxidat on of KC uiid CO to and CO^ a id reduce 
emissions. 

2. Identify and give the f'j.ictioii cf each catalytic converter coiiipcnent. 

a. S t ain 1 e s j Steel S h e 1 > - Hou:^s the oxidizing bed or catalyst. 

b. Ca_tj_ij/_st - Beads or n.w.iolith that are coated ""/ith palladiufn and 
platinum that speed up tne oxiaa^i-^n of HC and CO. 

c. Stainl_e_ss_SteeJ_ Mesh - protect ,.:Gno^ i tn ic eleinent^ from damage. 

d. Flow Pi ff user - Spreads out rxhau gases and gives ncre even flow 
through catalyst. 

e. Analyzer Access_P_l_u^ - Allows the u of 'nfra red exl'ius- analyzer 
during tuneup. 

3. What is ttie purpose of the catalytic conv rter protectior ,ste!, ? 

To protect th--^ catalyst from overheatUig . J damage especially ciurwm 
periods of dece "ler'ation . 

4. List the components of the catalyt.^ convr- ce.- prr tection sys^-i;'. 

a. Electronic control unit. 

b. Electronic speed switch. 

c. Throttle position solenoid. 
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v) ur~o;.iS lo loss thar'i ;:^J^J■J f-[)i' , me 
cs the tfii-ottle po:.ii:i'jn s:;ienoid -I'V 

r :ieat. i e, I j'; . 
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